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REDESIGNED  SPACE  STATION  PROGRAM 


THURSDAY,  JULY  1,  1993 

U.S.  Senate, 
Subcommittee  on  Science,  Technology,  and 

Space  of  the  Committee  on 
Commerce,  Science,  and  Transportation, 

Washington,  DC. 

The  subcommittee  met,  pursuant  to  notice,  at  2:30  p.m.  in  room 
SR-253,  Russell  Senate  Office  Building,  Hon,  John  D,  Rockefeller 
IV  (chairman  of  the  subcommittee)  presiding. 

Staff  members  assigned  to  this  hearing:  Elizabeth  Inadomi,  staff 
counsel;  and  Louis  C.  Whitsett,  minority  staff  counsel. 

OPENING  STATEMENT  OF  SENATOR  ROCKEFELLER 

Senator  Rockefeller.  This  hearing  will  come  to  order.  Some  of 
my  colleagues  will  be  coming  in  late  today,  so  we  will  not  be  alone 
here  on  this  incredibly  important  subject. 

Today,  the  Subcommittee  on  Science,  Technology,  and  Space  be- 
gins our  review  of  President  Clinton's  proposal  for  continuing  the 
Space  Station  Program,  this  time  with  a  redesigned  station  and  a 
restructured  management  of  the  program. 

Our  hearing  comes  on  the  heels  of  what  were  frankly  10  very  tu- 
multuous days  in  the  House  of  Representatives  where  the  rede- 
signed space  station  narrowly  survived  two  critical  votes,  but  did 
survive.  The  burden,  therefore,  of  deciding,  in  a  sense,  what  is 
going  to  happen  to  the  space  station,  what  its  future  is  going  to  be, 
now  falls  on  the  U.S.  Senate. 

The  space  station  presents  a  very  difficult  issue  for  me.  I  have 
always  been  a  strong  supporter  of  the  U.S.  space  program,  but  in 
each  of  the  last  2  years  I  have  in  fact  voted  to  terminate  the  Space 
Station  Program.  I  did  so  because  I  believed  that  when  measured 
against  other  Federal  spending  programs  and  other  NASA  pro- 
grams the  previous  plan  for  $30  billion  for  Space  Station  Freedom 
tailed  to  warrant  that  level  of  ftinding. 

The  program  was  out  of  control,  in  my  judgment,  with  billions  of 
dollars  of  cost  overruns  and  very  little  assurance  that  the  science 
obtained  from  the  orbiting  laboratory  justified  the  cost,  which  was 
substantial,  to  the  American  people. 

Last  year,  when  the  NASA  funding  bill  was  being  considered  by 
the  Senate,  I  called  for  a  review  of  the  Space  Station  Program.  This 
may  sound  slightly  obnoxious  as  I  say  it  today,  but  my  exact  words 
were,  "I  believe  we  should  explore  cheaper,  more  efficient,  more  ef- 
fective alternatives  before  we  become  irrevocably  committed  to  this 
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project.  I  am  prepared  to  look  at  more  efficient,  more  cost-effective 
alternatives." 

That  is  what  I  said,  and  therefore  obviously  I  am  very  happy 
that  President  Clinton  directed  the  NASA  organization  earlier  this 
year  to  review  the  Space  Station  Program  with  an  eye  toward 
costsavings  and  increased  efficiencies.  Failure  to  do  so  would  have 
continued  to  waste  billions  of  veiy  scarce  taxpayer  dollars. 

When  I  said  those  words  last  year  about  the  space  station,  I  did 
not  know  that  nearly  12  months  later  I  would  be  chairman  of  this 
subcommittee  that  oversees  the  program.  As  I  promised,  I  intend 
to  consider  with  an  open  mind — this  is,  frankly,  a  conversation  I 
had  with  the  Vice  President,  Al  Grore,  who  chaired  this  subcommit- 
tee last  year  and  is  a  very  strong  proponent  of  the  Space  Station 
Pro-am. 

Either  during  or  right  after  the  campaign,  I  forget  which,  I  sat 
down  with  him  and  I  told  him  that  I  would  wipe  the  slate  clean 
and  start  over  again.  I  told  him  I  would  consider  the  Space  Station 
Program  entirely  anew,  not  only  because  I  was  going  to  be  chair- 
man of  this  subcommittee  and  had  that  responsibility,  but  also  be- 
cause, clearly,  he  and  President  Clinton  felt  very  strongly  about 
that,  and  that  is  necessarily,  therefore,  very  important  to  me. 

There  are,  I  think,  a  significant  number  of  issues  that  we  need 
to  explore,  and  in  ^eat  detail,  during  our  session  this  afternoon. 
First  and  foremost  is  the  basic  issue  of  whether  and  why  we  need 
a  space  station.  That  will  probably  be  the  first  question  I  will  direct 
to  Mr.  Goldin.  That  statement  may  sound  biased  to  some,  but  it  is 
not.  It  is  not  intended  to  be.  It  is  simply  the  most  basic  question 
you  can  ask. 

Why  do  we  need  a  space  station?  It  is  the  kind  of  question  the 
American  people  would  be  asking,  and  it  is  the  kind  of  question 
that  would  make  sense  for  me  to  ask.  In  fact,  I  think  it  is  the 
central  issue  in  the  debate,  something  that  must  be  answered  in 
a  satisfactory  manner  before  consensus  will  develop  on  any  particu- 
lar design  for  the  space  station. 

Much  of  the  attention  focused  on  why  the  redesign  is  better  than 
the  previous  model,  and  how  NASA  intends  to  improve  its  internal 
management  of  the  Space  Station  Program.  While  those  are  cer- 
tainly important  issues,  and  we  will  examine  them,  taken  alone, 
they  beg  a  more  critical  question.  First  and  foremost,  this  sub- 
committee and  the  U.S.  Senate  must  be  given  the  rationale  for 
building  a  space  station  of  any  size,  and  that  is  what  we  will  pur- 
sue, among  other  things,  this  afternoon. 

At  a  time  when  we  are  hearing  a  constant  call,  and  some  of  the 
loudest  are  from  our  own  colleagues  on  both  sides  of  the  aisle  for 
"spending  cuts"  as  the  superior  way  to  reduce  the  Federal  budget 
deficit,  it  is  our  responsibility  to  have  a  very  solid,  intellectual, 
practical  basis  on  which  to  ask  taxpayers  to  pay  tens  of  billions  of 
dollars  for  the  Space  Station  Program.  We  need  to  be  able  to  justify 
it  to  ourselves  so  that  the  taxpayers  can  have  a  measure  of  under- 
standing of  this. 

I  want  to  know  why,  for  example,  the  administration  and  any 
other  space  station  proponents  believe  that  this  is  the  place  to 
spend  that  money,  the  tens  of  billions  of  dollars,  and  not  on,  for  ex- 
ample, other  space  programs,  other  science  efforts,  other  aeronauti- 


cal  pursuits  that  would  come  under  NASA,  and  obviously,  also, 
other  needs  of  this  country. 

So,  tasked  with  providing  this  rationale  is  the  Administrator  of 
NASA,  Dan  Goldin,  who  will  be  our  first  witness.  Mr.  Goldin  will 
attempt  to  make  the  case.  He  and  I  have  met  on  this,  and  we  will 
meet  again  on  it.  This  is  an  honest  exploration  of  space,  so  to 
speak,  on  my  own  part.  It  is  earnest,  and  honest  and  I  am  trying 
to  get  real  answers.  It  is  something  that  I  pursue  with  happiness 
and  with  a  good  sense  about  it. 

So,  he  will  be  talking  about  that,  as  well  as  outlining  the  changes 
planned  to  make  the  program  a  better  performer. 

He  is  joined  by  somebody  that  I  care  about  a  very  great  deal  on 
the  first  panel,  and  that  is  Dr.  Charles  Vest.  The  secret  is,  of 
course,  that  he  was  bom  in  West  Virginia,  and  therefore  is  a  supe- 
rior human  being.  [Laughter.] 

He  was  also  chairman  of  the  Advisory  Committee  on  the  Rede- 
sign of  the  Space  Station,  and  recently  completed  an  independent 
review  for  the  White  House.  The  White  House  asked  for  that.  They 
asked  Chuck  Vest  to  head  it  up.  He  did  that.  He  did  not  take  posi- 
tions. He  was  acting  as  a  scientist,  so  to  speak,  to  make  independ- 
ent judgment.  In  his  spare  time.  Chuck  Vest  is  the  president  of 
MIT. 

Our  second  panel  includes  witnesses  who  will  provide  other  as- 
sessments of  the  need  for  the  space  station  and  whether  NASA  was 
successful,  in  fact,  in  redesigning  the  program.  For  this  assess- 
ment, the  subcommittee  will  welcome  Dr.  Louis  Friedman,  execu- 
tive director  of  the  Planetary  Society,  and  Dr.  Robert  Park,  execu- 
tive director  of  the  American  Physical  Society. 

We  have  a  lot  of  ground  to  cover  today.  I  welcome  our  witnesses. 
I  thank  each  of  them  for  agreeing  to  appear  before  the  subcommit- 
tee. In  the  case  of  Dr.  Charles  Vest  that  took  a  lot  of  rearranging 
of  his  schedule,  and  I  appreciate  that  very  much. 

Now  I  would  yield  to  my  very  good  fi-iend,  the  distinguished  Sen- 
ator from  Montana,  Senator  Burns. 

[The  prepared  statements  of  Senators  Hollings  and  Rockefeller 
follow:] 

Prepared  Statement  of  Senator  Hollings 

The  U.S.  space  program  is  again  teetering  on  the  edge  of  a  precipice,  with  the 
ultimate  direction  to  be  determined  by  the  fate  of  the  space  station.  In  the  end, 
NASA  could  have  a  balanced  program,  one  in  which  space  science,  aeronautics,  ro- 
botics, and  environmental  monitoring  are  advanced  to  the  benefit  of  many  people. 
Or,  it  could  be  a  one-dimensional  program,  in  which  billions  of  tax  dollars  are  ex- 
pended in  an  attempt  to  fiirther  only  one  program:  the  space  station. 

With  that  situation  at  hand,  we  convene  today's  hearing  on  the  redesign  of  the 
space  station.  This  hearing  is  important,  as  many  members  of  this  committee,  as 
well  as  the  Senate,  continue  to  raise  serious  questions  about  the  merit  of  proceeding 
with  this  program. 

I  commend  the  President  for  not  pretending,  as  previous  administrations  have, 
that  the  Space  Station  Freedom  could  be  built  and  operated  successfully  as  origi- 
nally envisioned  despite  the  deteriorating  fiscal  climate.  President  Clinton  deserves 
cremt  for  understanding  that  the  Space  Station  Program,  which  has  been  a  drain 
on  NASA  as  well  as  on  tne  Nation's  fiscal  resources,  needed  a  thorough  review. 

However,  the  reality  is  that  more  must  be  done  than  trim  the  size  of  the  space 
station  in  hopes  of  achieving  modest  savings.  This  redesigned  space  station  still  will 
costs  tens  of  billions  of  dollars  to  build  and  operate.  And  the  hard  truth  is  that  the 
Federal  budget  deficit  continues  to  skyrocket.  Every  day,  the  Federal  Government 


spends  hundreds  of  millions  of  dollars  more  than  we  have,  leaving  generations  to 
come  with  the  responsibility  of  paying  off  these  massive  debts. 

No  one  disputes  the  importance  of  space  research  in  areas  such  as  life  science  and 
materials  science.  However,  given  the  uncertain  cost  of  the  redesigned  space  station, 
and  the  decision  not  to  send  numans  to  Mars  or  the  Moon,  other  more  practical  and 
affordable  solutions  must  be  considered.  It  is  my  hope  that  all  alternatives  can  con- 
tinue to  be  explored  at  this  hearing  and  in  the  weeks  of  debate  that  lie  ahead. 

Thank  you,  Mr.  Chairman. 


Prepared  Statement  of  Senator  Rockefeller 

Today,  the  Subcommittee  on  Science,  Technology,  and  Space  begins  its  review  of 
President  Clinton's  proposal  for  continuing  the  space  station  program,  this  time 
with  a  redesigned  station  and  restructured  management  of  the  program.  Our  hear- 
ing comes  on  the  heels  of  a  tumultuous  10  days  in  the  House  of  Representatives, 
where  the  redesigned  space  station  narrowly  survived  two  critical  votes.  The  burden 
of  deciding  the  space  station's  fate  now  shifts  to  the  Senate. 

The  space  station  presents  a  difficult  issue  for  me.  I  have  always  been  a  strong 
supporter  of  the  U.S.  space  program,  but  in  each  of  the  last  two  years,  I  voted  to 
terminate  the  space  station  program.  I  did  so  because  I  believed  that,  when  meas- 
ured against  other  Federal  spending  programs  and  other  NASA  programs,  the  pre- 
vious plan  for  the  $30  billion  space  station  Freedom  failed  to  warrant  that  level  of 
funding.  The  program  was  out  of  control,  with  billions  of  dollars  in  cost  overruns 
and  little  assurance  that  the  science  obtained  from  the  orbiting  laboratory  justified 
the  cost  to  the  American  people. 

Last  year,  while  the  NASA  funding  bill  was  being  considered  by  the  Senate,  I 
called  for  a  review  of  the  space  station  program.  My  exact  words  were:  "I  believe 
we  should  explore  cheaper,  more  efficient,  more  effective  alternatives  before  we  be- 
come irrevocably  committed  to  this  project.  I  am  prepared  to  look  at  more  efficient, 
more  cost  effective  alternatives." 

I  therefore  commend  President  Clinton  for  directing  NASA  earlier  this  year  to  re- 
view the  space  station  program  with  an  eye  toward  cost-savings  and  increased  effi- 
ciencies. Failure  to  do  so  would  have  continued  to  waste  billions  of  scarce  taxpayer 
dollars. 

When  I  spoke  those  words  last  year  about  the  space  station,  I  did  not  know  that 
nearly  12  months  later,  I  would  be  chairman  of  the  subcommittee  charged  with 
overseeing  this  program.  As  I  promised,  I  intend  to  consider  with  an  open  mind  the 
space  station  proposal  developed  by  the  Clinton  Administration. 

There  are  a  significant  number  of  issues  that  we  need  to  explore  in  considerable 
detail  during  our  session  this  afternoon.  First,  and  foremost,  is  the  basic  issue  of 
whether  and  why  we  need  a  space  station.  That  may  sound  biased  to  some,  but  it 
is  not  intended  to  be.  It  is  the  central  issue  in  this  debate,  something  that  must 
be  answered  in  a  satisfactory  manner  before  a  consensus  will  develop  on  any  par- 
ticular design  for  the  space  station. 

Much  of  the  attention  has  focused  on  why  the  redesign  is  better  than  the  previous 
model  and  on  how  NASA  intends  to  improve  its  internal  management  of  the  space 
station  program.  While  those  are  certainly  important  issues  that  we  wUl  examine, 
taken  alone  they  beg  a  more  critical  question.  First  and  foremost,  this  subcommit- 
tee, and  the  Senate,  must  be  given  the  rationale  for  buUding  a  space  station  of  any 
size. 

At  a  time  when  we  are  hearing  a  constant  call — and  some  of  the  loudest  are  from 
our  own  colleagues  on  both  sides  of  the  aisle — for  "spending  cuts"  as  the  superior 
way  to  reduce  the  Federal  budget  deficit,  it  is  our  responsibility  to  have  a  solid  basis 
on  which  to  ask  taxpayers  to  pay  tens  of  billions  of  dollars  for  this  program.  I  would 
like  to  know  why  the  Administration  and  other  space  station  proponents  believe  this 
is  the  place  to  spend  that  money,  and  not  on  other  space  programs,  other  science 
efforts,  and  other  needs. 

Tasked  with  providing  this  rationale  is  the  Administrator  of  NASA,  Daniel 
Goldin,  who  will  be  our  first  witness.  Mr.  Goldin  wiU  attempt  to  convince  us  of  the 
need  for  the  redesigned  space  station,  as  well  as  to  outline  the  changes  planned  to 
make  the  program  a  better  performer. 

He  is  joined  on  our  first  panel  by  Dr.  Charles  Vest.  As  Chairman  of  the  Advisory 
Committee  on  the  Redesign  of  the  Space  Station,  he  recently  completed  an  inde- 
pendent review  of  the  program  for  the  white  House.  In  his  spare  time  serves,  Chuck 
Vest  serves  as  the  President  of  MIT. 

Our  second  panel  includes  witnesses  who  will  provide  other  assessments  of  the 
need  for  the  space  station  and  whether  NASA  was  successful  in  redesigning  the  pro- 


gram.  For  this  aasessment,  the  subcommittee  will  welcome  Dr.  Ix)uis  Friedman,  Ex- 
ecutive Director  of  The  Planetary  Society,  and  Dr.  Robert  Park,  Executive  Director 
of  the  American  Hiysical  Society. 

We  have  a  great  deal  of  ground  to  cover  today.  I  welcome  our  witnesses  and  thank 
each  of  them  for  agreeing  to  appear  before  the  subcommittee.  Let  me  now  ask  my 
colleagues  if  they  wish  to  make  statements  at  this  time. 

OPENING  STATEMENT  OF  SENATOR  BURNS 

Senator  Burns.  You  made  some  generalities  about  Dr.  Vest 
being  from  West  Virginia.  We  were  in  a  meeting  the  other  day  with 
my  chairman,  and  I  made  the  general  statement  that  we  all  started 
out  poor,  and  of  course  he  responded  to  that,  not  me,  and  he  is 
right.  [Laughter.] 

Mr.  Chairman,  thank  you.  You  ^ys  are  going  to  have  to  start 
standing  up  out  there.  These  are  gomg  over  your  head. 

First  of  all,  let  me  make  it  very  clear — because  I  am  a  supporter 
of  this  endeavor  of  the  space  station,  because  it  seems  to  me  that 
whenever  we  start  talking  about  leadership  in  this  country  we  talk 
about  it  in  a  lot  of  areas,  and  of  course,  we  have  always  been  the 
pioneer  in  space — ever  since  President  Kennedy  really  focused  this 
Nation  on  it  and  set  some  goals  for  us — and  I  still  think  there  are 
great  challenges  in  space  exploration  and,  of  course,  this  is  just  an- 
other step. 

Yes,  there  would  be  those  who  would  be  critical  of  our  endeavor 
in  space  because  of  our  limited  amount  of  dollars,  but  I  have  come 
here  today — and  I  would  ask  unanimous  consent  that  my  full  state- 
ment be  put  in  the  record. 

I  want  to  listen  to  the  debate  on  this.  I  want  to  sit  and  listen 
to  the  debate  and  the  give  and  take  and  the  point  and  counterpoint 
on  why  we  should  do  this,  why  Freedom  is  important  to  this  coun- 
try or  why  it  is  not  important. 

We  as  policymakers  have  to  make  some  decisions  that  yes,  they 
are  sometimes  tough  to  make  in  these  times  when  we  are  in  the 
hole,  so  to  speak,  trying  to  deal  with  deficits  and  debt.  My  answer 
to  that  is,  when  you  start  dealing  with  that,  if  you  are  in  the  hole, 
quit  digging. 

But  we  still  have  some  challenges  that  the  American  people,  who 
in  their  heart  are  an  exploring  society  looking  for  the  outer 
reaches — and  we  will  always  be  like  that  if  our  leadership  tells  us 
which  direction  to  go. 

So,  with  that,  Mr.  Chairman,  I  would  just  put  my  statement  in, 
and  I  am  looking  forward  to  just  listening  to  our  very  able  wit- 
nesses today. 

[The  prepared  statement  of  Senator  Burns  follows:] 

Prepared  Statement  of  Senator  Burns 

Mr.  Chairman,  I  want  to  thank  vou  for  holding  this  hearing  on  the  redesign  of 
the  Space  Station  Freedom.  I  would  also  like  to  welcome  our  distinguished  panel 
of  witnesses  and  congratulate  NASA  on  the  fine  job  it  did  in  developing  a  stream- 
lined design  under  extreme  time  pressure.  According  to  the  Administration,  the  re- 
design wifl  trim  at  least  $4.0  billion  in  program  costs  over  the  next  five  years.  Fur- 
ther, this  was  accomplished  in  a  way  that  retains  scientific  content  and  satisfies  our 
international  partners,  who  collectively  have  already  invested  $2.5  billion  in  this  ef- 
fort. 

First,  let  me  say  that  I  am  a  Space  Station  supporter.  If  we  are  serious  as  a  na- 
tion about  pursuing  human  exploration  of  space — the  last  frontier — then  Space  Sta- 
tion is  our  next  logical  step.  Space  Station  will  provide  invaluable  knowledge  about 
constructing  complex  structures  in  space  and  about  humans'  ability  to  live  and  work 


in  those  structures  for  long  periods.  The  challenges  involved  here  cut  across  every 
scientific  and  technological  field.  For  example,  there  is  the  engineering  challenge  of 
buildingan  orbiting  laboratory  that  must  function  almost  flawlessly  over  a  30-year 
period.  Then,  there  is  the  challenge  of  developing  life  support  and  waste  treatment 
systems  that  wUl  permit  humans  to  be  in  space  for  months  at  a  time.  And,  finally, 
of  course,  there  are  the  focused  microgravity  and  life  sciences  experiments  that  the 
U.S.  and  the  international  partners  will  conduct  to  produce  advances  in  materials 
and  pharmaceuticals  and  teach  us  more  about  human  spaceflight. 

To  me,  the  issue  here  is  not  whether  the  Space  Station  is  worthwhile — it  is.  The 
critical  issue  is  whether  it  is  aflbrdable  and,  more  to  the  point,  whether  it  is  more 
valuable  than  competing  national  priorities.  I  am  particularly  sensitive  to  this  issue 
because  I  also  sit  on  the  appropriations  subcommittee  responsible  for  NASA.  On  the 
VA-HUD-Independent  Agencies  appropriations  subcommittee,  every  dollar  spent  on 
Space  Station  is  arguably  a  dollar  taken  away  from  worthy  housing  and  veterans' 
programs,  and  academic  research  at  NSF.  So  I  am  anxious  to  hear  from  NASA  why 
it  is  in  the  national  interest  to  spend  $10.5  billion  over  the  next  five  years  on  the 
Space  Station.  I  think  NASA  has  a  tough  burden  of  proof  given  its  troubled  history 
01  cost  overruns,  delays,  and  endless  redesigns  (the  latest  is  the  sixth  so  far).  The 
two  recent  close  House  votes  for  the  Space  Station  should  be  a  wake-up  call  for 
NASA  to  work  on  developing  a  clear  coherent  message  about  the  fundamental  goals 
of  the  program  and  how  they  will  be  achieved.  It  also  needs  to  develop  management 
reforms  to  do  a  better  job  of  containing  costs  and  maintaining  schedules. 

Mr.  Chairman,  in  our  second  panel,  we  have  several  witnesses  from  the  scientific 
community  who  have  been  somewhat  critical  of  the  Space  Station.  I  would  appre- 
ciate it  if  Mr.  Goldin  and  Dr.  Vest  could  remain  for  the  second  panel  in  order  to 
respond  to  any  issues  raised  by  the  second  panel.  HopefuUy,  this  wiU  lead  to  a  more 
complete  hearing  record  on  the  merits  of  the  latest  redesign. 

Again,  thank  you  Mr.  Chairman. 

Senator  Rockefeller.  Thank  you,  my  esteemed  Senator  from 
Montana. 

Dan  Groldin  and  Chuck  Vest,  if  you  could  come  forward,  please, 
we  will  be  very  grateful,  and  we  would  welcome  your  statements. 
They  will  be  automatically  submitted  in  full  to  the  record  so  that 
you  can  work  from  them  as  you  see  best.  Thank  you  both  very 
much  for  coming,  and  particularly  you.  Chuck.  I  know  that  it  was 
a  major  inconvenience. 

STATEMENT  OF  HON.  DANIEL  S.  GOLDIN,  ADMINISTRATOR, 
NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

Mr.  GrOLDlN.  Mr.  Chairman,  I  welcome  the  opportunity  to  be  with 
you  today  to  speak  about  the  future,  for  that  is  the  crux  of  the  de- 
bate over  the  fiscal  1994  NASA  spending  bill.  We  are  considering 
the  kind  of  future  we  want  to  pursue  on  the  space  frontier. 

Part  of  the  great  history  of  this  body  is  that  it  has,  on  many  occa- 
sions in  the  past,  dealt  with  the  shape  and  the  texture  of  this  fu- 
ture. Through  the  years,  the  Congress  has  ultimately  decided 
whether  the  American  Nation  would,  as  H.G.  Wells  put  it,  "reach 
forward  fearlessly  to  comprehend  this  future  that  defeats  our  eyes," 
and  in  almost  every  instance  down  through  the  decades  the  Con- 
gress has  seen  the  wisdom  of  moving  forward  to  confront  that  des- 
tiny. 

This  very  same  issue  of  destiny  and  investihent  confronted  the 
Nation  in  the  1850's.  The  issue  was  westward  expansion  and  the 
transcontinental  railroad.  The  setting  then  was  very  much  like  the 
scene  we  all  witnessed  over  the  last  week,  as  the  House  of  Rep- 
resentatives debated  twice  the  fate  of  the  space  station. 

In  both  cases,  there  were  persuasive  arguments  on  either  side  of 
the  question,  and  there  will  always  be  those  who  will  question 


whether  we  should  confront  the  frontiers  of  mystery.  There  will  al- 
ways be  those  who  will  predict  with  certainty  what  cannot  be  done. 

Daniel  Webster  was  against  the  transcontinental  railroad.  He 
rose  in  the  Senate  and  thundered,  **What  do  we  want  with  this 
vast,  worthless  area,  this  region  of  savages  and  wild  beasts,  of 
shifting  sands  and  whirlpools  of  dust?" 

Today,  we  know  that  Webster  missed  the  point  of  that  debate. 
We  can  see  it  through  the  lens  of  history.  Looking  forward,  of 
course,  is  a  much  greater  challenge.  I  would  argue  that  we  must 
not  shut  off  a  source  of  inspiration  and  hope.  I  would  argue  that 
we  must  not  deny  ourselves  access  to  a  unique  environment,  nor 
close  ourselves  off  from  development  on  a  new  frontier.  I  would 
argue  that  we  must  not  scuttle  the  largest  peacetime  program  of 
international  scientific  cooperation  in  the  history  of  planet  Earth. 

President  Clinton  has  suggested  that  one  element  of  the  Space 
Station  Program  could  itself  help  define  the  new  era  that  will  fol- 
low the  cold  war — international  cooperation  on  the  space  frontier. 

Through  Webster's  uncharacteristic  lack  of  foresight,  his  inability 
to  see  how  change  was  poised  to  sweep  across  an  entire  continent, 
we  see  a  classic  cautionary  tale.  History  is  filled  with  other  such 
examples  of  great  figures  who  in  forecasting  the  course  of  tech- 
nology, investment,  and  the  future,  ultimately  guessed  wrong. 

The  experts  predicted  that  rail  travel  would  asphyxiate  the  pas- 
sengers, that  steam  navigation  across  the  stormy  North  Atlantic 
was  not  possible.  In  1878,  a  committee  of  the  British  Parliament 
dismissed  Edison's  light  bulb  as  "unworthv  of  the  attention  of  prac- 
tical or  scientific  men,"  and  just  8  years  before  Kitty  Hawk,  when 
the  Wright  Brothers  flew  at  Kitty  Hawk,  Lord  Kelvin,  one  of  the 
foremost  physicists  in  the  world,  said  heavier-than-air  flight  was  a 
fantasy. 

We  must  pay  attention  to  the  lessons  of  history  or  risk  the  venge- 
ance of  history. 

Mr.  Chairman,  I  am  proud  of  the  NASA  budget  this  year.  When 
I  was  going  through  the  confirmation  process  in  the  spring  of  1992, 
several  Senators  expressed  concern  that  the  NASA  budget  was 
growing  much  too  fast  and  out  of  control  and  did  not  meet  the  na- 
tional priorities  that  you  talked  about.  They  were  concerned  over 
the  balance  within  the  budget. 

Today,  a  year  later,  we  have  responded  to  those  concerns.  Under 
the  leadership  of  President  Clinton,  we  have  cut  $15  billion  from 
the  NASA  5-year  spending  plan — ^that  is  the  equivalent  of  an  entire 
year  of  funding  for  this  agency — and  in  the  process,  we  are  achiev- 
ing balance. 

As  a  percentage  of  the  whole,  our  expenditure  on  human  space 
flight  is  going  down,  and  our  spending  on  science  and  aeronautics 
is  going  up.  There  is  a  balance  between  human  and  robotic  space 
flight.  There  is  a  balance  between  aeronautics  and  space.  There  is 
a  balance  between  technology  and  science,  and  between  big  science 
and  small  science. 

We  have  done  what  you  asked  us  to  do.  We  are  dealing  with  level 
budgets.  The  space  station  is  level-funded  over  the  next  5  years, 
which  assures  us  that  it  will  not  impact  other  important  programs 
that  we  are  completing  and  starting  up. 
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We  are  finding  efficiencies.  We  are  making  room  for  exciting 
science  projects.  Our  space  program  is  about  much  more  than  the 
space  station,  and  I  might  point  out  that  the  space  station  accounts 
for  about  one-seventh  of  our  budget,  and  this  has  been  the  sole 
focus  of  all  debate  on  the  NASA  program. 

We  are  budgeting  for  significant  renewal  of  our  aeronautics  capa- 
bilities. Over  the  5-year  period,  our  aeronautics  program  will  go  up 
50  percent.  We  are  investing  in  science,  with  two  advanced  X-ray 
astrophysics  spacecraft,  the  Cassini  mission  to  Saturn,  Mission  to 
Planet  Earth,  a  new  start  on  Gravity  Probe  B  to  understand  the 
general  laws  of  relativity — ^things  that  Einstein  predicted  years  ago 
we  are  trying  to  verify  now. 

We  are  investing  in  a  new  series  of  low-cost  space  probes,  the 
first  of  which  will  be  MESUR/Pathfinder  probe  to  Mars.  For  5  per- 
cent of  the  cost  of  the  Viking  project,  which  we  performed  decades 
ago,  we  will  send  a  robot  explorer  to  traverse  the  plains  of  Mars, 
and  we  will  do  it  in  3  years  and  not  3  decades. 

Now  what  this  program  needs  is  stability.  Now  what  we  need  is 
consensus,  and  a  path  to  the  future.  We  must  get  on  with  our  im- 
portant work. 

In  closing,  Mr.  Chairman,  I  would  like  to  suggest  that  our  pro- 
grams are  about  much  more  than  nuts  and  bolts  and  blueprints 
and  electrons.  They  are  much  more  than  a  high-technology  jobs 
program.  We  are  pursuing  a  national  capability.  We  are  keeping 
excellence  alive  and  healthy  in  a  field  that  could  well  define  the  fu- 
ture for  our  children  and  their  children. 

We  cannot  turn  our  space  flight  skills  on  and  off  like  a  light 
switch,  as  the  economy  goes  back  and  forth.  We  must  nurture  and 
shape  our  capabilities,  and  with  it,  our  future. 

Last  week,  the  famed  heart  surgeon,  Dr.  Michael  DeBakey,  testi- 
fied before  the  House  Subcommittee  on  Space  along  with  seven 
other  prominent  medical  researchers.  He  talked  about  what  the  na- 
tional capability  can  mean.  He  spoke  about  a  piece  of  hardware,  a 
heart  assist  device.  He  has  been  working  on  it  for  35  years. 

This  is  a  device  that  could  help  as  many  as  60,000  patients  a 
year,  and  working  with  a  team  of  NASA  engineers,  he  made  more 
progress  in  3  years  than  was  possible  in  the  previous  35. 

The  heart  and  the  spacecraft  have  many  similarities,  he  said. 
Both  feature  closed-loop  systems,  pumping  fluids  at  various  rates 
and  pressures.  Both  receive  and  act  upon  electric  impulses.  Both 
have  extensive  networks  to  carry  messages  and  send  commands  to 
all  parts  of  the  vessel,  and  now  with  the  help  of  NASA  engineers. 
Dr.  DeBakey  believes  he  is  on  the  verge  of  a  major  breakthrough 
that  will  revolutionize  heart  surgery. 

No  one  could  have  predicted  that  success.  It  came  because  the 
Government  was  willing  to  invest  in  people,  in  techniques,  and  a 
determination  to  keep  pushing  back  the  boundaries  of  the  un- 
known. As  Dr.  DeBakey  put  it,  "We  cannot  predict  the  outcome  of 
scientific  research  or  the  knowledge  to  be  gained,  but  what  we  can 
foresee  is  that  no  new  knowledge,  no  new  solutions  to  our  concerns 
will  be  gained  without  it." 

Thank  you  very  much. 

[The  prepared  statement  of  Mr.  Goldin  follows:] 


Prepared  Statement  of  Daniel  S.  Goldin 

America  took  another  important  step  forward  on  the  space  frontier  on  June  17 
with  the  decision  by  President  Clinton  to  proceed  with  a  redesigned  Space  Station 
program  and  a  New  Technology  Investments  package.  The  President  has  deter- 
mined that  NASA  should  build  a  Imodularll  Space  Station  consistent  with  Option 
A  as  described  in  the  report  of  the  Advisory  Committee  on  the  Redesign  of  the  Space 
Station.  The  President's  decision  entails  level  funding  of  $2.1  billion  annually  to  pro- 
vide for  all  costs  associated  with  the  redesigned  Space  Station  program  through  the 
1990s  until  development  is  complete  at  permanent  human  capaoility.  The  President 
has  also  directed  that  NASA  formulate  a  detailed  implementation  plan  for  the  rede- 
signed Space  Station  program  by  September  7.  We  at  NASA  are  gratified  by  the 
faith  the  President  has  placed  in  us  to  accomplish  this  challenging  task,  and  in- 
spired by  his  vision  for  our  country's  future  in  space. 

The  redesigned  Space  Station  is  the  product  of  the  parallel  efforts  of  a  NASA  Sta- 
tion Redesign  Team  under  Bryan  O'Connor  and  an  independent,  Presidentially-ap- 
pointed advisory  panel  of  recognized  experts  under  the  leadership  of  Dr.  Charles 
Vest.  I  would  like  the  Committee  to  be  aware  of  the  extraordinary  effort  put  in  by 
all  of  NASA's  employees  in  support  of  the  redesign  effort.  I  could  not  be  prouder 
of  any  group  of  individuals  than  I  am  of  the  NASA  team,  and  I  want  you  all  to  know 
that  our  country  is  well  served  by  these  men  and  women.  Only  a  few  months  ago 
the  President  charged  NASA  with  a  task  many  called  impossible.  But  NASA  met 
the  challenge.  People  representing  every  part  of  the  Agency  worked  long  hours  and 
at  great  personal  sacrifice,  and  in  so  doing  achieved  the  impossible. 

With  tne  President's  leadership  and  support,  I  believe  we  have  the  opportunity 
to  help  define  a  new  era  of  international  peace  and  cooperation  througn  our  sci- 
entific partnerships  in  space.  The  20th  Century  has  been  a  long  panorama  of  war 
and  conflict.  Now  the  world  is  changing,  and  with  luck  and  vision,  we  may  be  able 
to  replace  a  century  of  war  with  a  new  century  of  peace  and  understanding.  Space 
cannot  be  left  out  of  that  equation,  for  space  encompasses  the  essential  challenges 
we  will  face  in  this  new  age.  NASA  remains  committed  to  ensuring  America's  com- 
petitiveness in  science  and  technology  now  and  into  the  21st  Century.  The  rede- 
signed Space  Station  program  will  nelp  us  ensure  America's  competitiveness  in 
science  and  technology  now  and  into  the  21st  Century.  It  will  be  a  knowledge  engine 
on  the  high  frontier,  returning  dividends  to  Americtms  for  years  to  come.  But  there 
are  also  larger  issues  at  stake,  and  we  are  pleased  that  the  debate  over  this  pro- 
gram has  begun  to  encompass  the  landscape  we  know  as  the  future.  In  the  wake 
of  the  Cold  War,  it  is  important  for  the  Nation  to  achieve  a  consensus  on  future 
goals  for  the  space  program.  It  is  important  for  us  to  ask  ourselves  what  kind  of 
a  space  program  we  want,  what  kinds  of  goals  we  should  pursue,  and  what  kind 
of  legacy  we  want  to  hand  down  to  our  children. 

I  believe  the  House  of  Representatives,  in  endorsing  the  President's  Space  Station 
in  two  votes  in  less  than  one  week,  has  demonstrated  that  the  Congress  shares  the 
President's  vision  for  the  future.  We  are  very  gratified  at  the  outcomes  of  those 
votes,  and  look  forward  to  Senate  action  on  the  President's  amended  FY  1994  budg- 
et request  for  NASA. 

Mr.  Chairman,  in  addition  to  House  endorsement  of  the  President's  Space  Station 
decision,  much  progress  has  already  been  made  since  the  President's  dune  17  deci- 
sion and  submission  on  June  21  of  a  budget  amendment  to  the  Congress. 

NASA  has  received  a  letter  from  the  President's  Science  Advisor  setting  forth 

Siidance  for  NASA's  implementation  of  the  Redesigned  Space  Station  program.  Dr. 
ibbon's  letter  requests  that  NASA  develop  an  implementation  plan  for  the  White 
House  by  September  7,  with  a  progress  report  to  be  provided  by  early  August.  This 
plan  is  to  include: 

•  a  final  design  for  the  Redesigned  Space  Station  program; 

•  key  technical  and  cost  milestones; 

•  a  plan  for  revised  management  of  the  Space  Station  program; 

•  a  plan  for  continuation  and  possible  expansion  of  intemationed  participation  in 
the  Space  Station  program. 

I  have  also  initiated  a  transition  process  by  naming  two  highly  capable  individ- 
uals, William  M.  Shepherd  and  James  D.  Wetherbee,  as  acting  leaders  of  transition 
efforts  under  the  direction  of  Bryan  O'Connor,  Director  of  Space  Station  Redesign. 

In  the  very  near  term,  Mr.  Chairman,  I  hope  to  present  to  you  proposed  legisla- 
tion, endorsed  by  the  President,  which  will  promote  and  support  management  reor- 
ganization of  NASA,  which  will  enable  the  "redesign  of  America's  space  agency" 
called  for  by  the  President  in  making  his  decision  on  the  future  of  the  Space  Station 
program.  It  is  our  hope  that  this  legislation  will  be  handled  in  an  expeditious  fash- 
ion by  the  House  and  Senate  to  support  near-term  personnel  actions  which  wiU 
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streamline  civil  service  staffing  at  NASA  in  light  of  the  simpler,  less  costly  Station 
program  we  are  undertaking. 

Mr.  Chairman,  it  is  also  my  intent  that  NASA  will  move  aggressively  to  imple- 
ment the  President's  decision  with  respect  to  Space  Station  management.  A  key  fea- 
ture of  the  recommendations  of  the  Vest  Committee  with  respect  to  reducing  the 
cost  of  managing  the  Space  Station  program  is  the  assignment  of  responsibility  for 

grogram  system  engineering  and  integration,  as  well  as  design  and  development  of 
tation  flight  hardware  and  software,  to  a  single  prime  contractor  accountable  to 
a  single  program  msmager  at  a  single  "host"  Center  which  will  perform  the  Gtovem- 
ment  s  management  and  oversight  roles.  I  anticipate  a  series  of  near-term  actions 
to  begin  to  implement  these  recommendations.  The  reductions  in  contract  and  man- 
agement layers  needed  to  accomplish  those  recommendations  will  not  be  easy,  but 
must  be  undertaken  and  implemented  in  an  expeditious  and  orderly  manner  to  com- 
plete the  transition  into  the  new  Space  Station  program.  NASA  is  prepared  to  do 
so,  but  will  do  so  in  a  way  which  pays  close  attention  to  NASA's  most  precious  re- 
source— its  people,  employees  and  contractors  alike.  We  will  do  our  utmost  to  mini- 
mize disruption  during  the  process  of  restructuring  the  program. 

In  a  larger  context,  all  of  us  at  NASA  must  rededicate  ourselves  to  continuing  the 
internal  improvements  we  have  begun.  Together,  we  have  made  great  strides  in  the 
last  year.  We  have  begun  to  fundamentally  change  NASA  for  the  better.  But  there 
is  much  more  to  do,  and  this  is  the  time  to  do  it.  It  is  an  honor  that  NASA  has 
been  asked  to  participate  in  Vice  President  Gore's  National  Performance  Review.  We 
must  use  this  opportunity  to  set  our  course  and  make  the  space  agency  a  model  for 
effective  government  research  and  development. 

Only  by  committing  ourselves  to  these  goals  can  we  live  up  to  the  faith  and  trust 
that  President  Clinton  has  placed  in  us.  As  responsible  stewards  for  the  Nation's 
space  progreim,  we  can  do  no  less.  I  look  forward  to  working  with  the  entire  NASA 
fanuly  on  these  exciting  goals  during  the  challenging  times  ahead. 

Mr.  Chairman,  this  concludes  my  formal  remarks.  I  would  be  pleased  to  respond 
to  questions  from  yourself  and  other  Members  of  the  Subcommittee. 

Senator  Rockefeller.  Thank  you  very  much,  Dan  Goldin.  Be- 
fore we  turn  to  you,  Dr.  Vest,  Senator  Robb  of  Virginia  has  come 
in. 

Senator  Robb,  if  are  there  are  any  points  that  you  would  care  to 
make,  obviously  we  want  to  hear  them. 

OPENING  STATEMENT  OF  SENATOR  ROBB 

Senator  Robb.  Mr.  Chairman,  I  thank  you.  I  apologize  for  mak- 
ing a  brief  comment  and  not  being  able  to  remain.  I  have  three  dif- 
ferent commitments  today  at  the  same  timeframe. 

Obviously,  the  space  station  is  extremely  important  to  those  of 
us  in  Virginia.  We  have  been  privileged  to  have  the  headquarters 
in  Reston  for  some  period  of  time.  There  have  been  a  number  of 
discussions  about  the  prospect  of  where  and  when  that  should  be 
located.  I  personally  have  supported  it  for  many  of  the  reasons  that 
were  just  articulated,  much  better  than  I  could,  by  the  Adminis- 
trator. 

The  rationale  for  its  existence  for  the  modification  and  streamlin- 
ing, for  the  savings  of  cost,  for  the  need  to  be  more  efficient,  and 
the  need  to  work  with  the  international  community  in  the  design 
efforts,  all  of  these  things,  and  certainly  in  terms  of  the  hopes  and 
aspirations  that  can  be  realized  through  the  fulfillment  of  this  par- 
ticular program,  are  things  that  I  support  and  want  to  continue  to 
do  so. 

Mr.  Golden  did  use  reference  to  the  term  "stability"  in  his  open- 
ing remarks  just  a  minute  ago,  and  I  think  that  that  is  one  of  the 
things  that  I  hope  that  this  panel  will  continue  to  examine;  and 
that  the  NASA  community  will  continue  to  examine,  with  respect 
to  the  current  locations  and  what  have  you. 
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I  do  not  want  to  get  into  a  lengthy,  parochial  debate  at  this  par- 
ticular moment.  If  a  clear  advantage  can  be  determined  objectively 
on  the  record,  as  we  have  done  with  base  closings,  I  am  not  going 
to  oppose  for  purely  parochial  reasons.  But  that  matter  has  been 
considered  often  enough  in  the  past  that  I  do  not  think  we  ought 
to  simply  assume  that  we  will  not  be  engaging  in  a  protracted  dis- 
cussion of  that  particular  project,  obviously,  as  a  part  of  the  future 
of  the  Space  Station  Freedom, 

But  I  do  support  it;  I  want  to  continue  to  support  it,  and  work 
with  NASA.  It  is  difficult,  when  there  are  so  many  competing  objec- 
tives for  scarce  dollars.  But  I  a^ee  that  the  potential  scientific  dis- 
covery that  can  come  from  this  particular  project,  over  the  long 
haul,  merits  the  kind  of  support  that  is  difficult  to  give  with  so 
many  other  objectives  in  mind. 

With  that,  Mr.  Chairman,  I  will  ask  that  I  be  permitted  to  sub- 
mit additional  questions  for  the  record,  after  the  close  of  your  testi- 
mony today.  And  I  thank  you  for  holding  this  extremely  important 
and  timely  hearing.  The  Administrator,  Mr.  Groldin,  was  kind 
enough  to  come  by  briefly  and  give  us  an  update  of  some  of  the 
things  that  are  going  to  be  discussed  today,  and  I  appreciate  that. 
We  will  continue  to  Took  forward  to  working  with  him.  Thank  you, 
Mr.  Chairman. 

Senator  Rockefeller.  Thank  you  very  much,  Senator  Robb.  Dr. 
Vest. 

STATEMENT  OF  DR.  CHARLES  M.  VEST,  PRESIDENT, 
MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 

Dr.  Vest.  Mr.  Chairman,  distinguished  members  of  the  commit- 
tee. I  am  pleased  to  represent  today  the  17  men  and  women  who 
comprise  the  Advisory  Committee  on  the  Redesign  of  the  Space 
Station. 

Our  committee  worked  intensively  over  a  period  of  approximately 
2  months,  to  assess  the  work  of  NASA's  Space  Station  Redesign 
Team  on  the  grounds  of  technical  and  scientific  capability,  accuracy 
of  projected  costs,  and  structure  of  management  and  operations. 

Our  committee  members  came  from  varied  backgrounds  in  the 
space  program,  from  industry,  academia,  and  the  military.  We  or- 
ganized and  conducted  our  work  primarily  through  four  sub- 
committees: First,  the  Technical  and  Missions  Assessment  Sub- 
committee, which  was  chaired  by  Dr.  Albert  Wheelon,  retired  CEO 
of  Hughes  Aircraft,  and  a  member  of  the  Challenger  Commission; 
Science,  Application  and  Technology  Research  Assessment,  chaired 
by  Dr.  Louis  Lanzerotti  of  AT&T  Bell  Laboratories,  who  is  also 
chair  of  the  National  Research  Council's  Space  Sciences  Board; 
Cost  Assessment,  chaired  by  Mr,  Jay  Chabrow,  president  of  JMR 
Associates,  and  former  pricing  director  at  TRW;  and  Management 
and  Operations  Assessment,  cnaired  by  Dr.  Mary  Good,  senior  vice 
president  of  Allied  Signal,  former  chair  of  the  National  Science 
Board,  and  recently  announced  nominee  as  Undersecretary  of  Com- 
merce for  Technology. 

The  entire  advisory  committee  held  three  2-day  meetings.  We 
worked  closely  with  representatives  of  the  Canadian  Space  Agency, 
the  European  Space  Agency,  the  Science  and  Technology  Agency  of 
Japan,  and  the  Italian  Space  Agency,  who  served  as  ex  officio  mem- 
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bers.  During  the  process  of  our  work,  individual  members  and  sub- 
committees also  made  a  variety  of  factfinding  visits  to  various 
NASA  and  contractor  facilities. 

I  would  like  to  note  that  our  advisory  committee  believes  that  the 
civil  space  program  is  a  very  important  national  undertaking;  but 
we  agree  that  its  priorities  must  be  subjected  to  careful  analysis  of 
costs  and  benefits.  And  furthermore,  and  I  want  to  underline  this, 
it  must  have  greater  stability,  with  regard  to  both  goals  and  budg- 
ets. 

The  advisory  committee  believes  that  the  space  station  should  be 
considered  as  an  ongoing,  evolving  program  of  scientific  and  tech- 
nological research,  conducted  in  an  orbiting  national  and  inter- 
national laboratory  that  is  part  of  this  Nation's  high-technology  in- 
frastructure. 

I  would  like  to  summarize  very  briefly  some  of  the  major  findings 
of  our  committee.  The  Station  Redesign  Team,  in  our  view,  was 
highly  competent,  and  its  work  has  been  effective  in  providing  sev- 
eral design  options,  covering  a  range  of  cost  and  capability. 

Scientific  and  technological  research  and  development  programs, 
or  projects,  should  be  selected  for  the  station  on  the  basis  of  unique 
requirements  for  long-duration  residence  in  an  orbital  environ- 
ment, and  the  degree  to  which  human  interaction  is  required.  Sci- 
entific knowledge  of  the  effects  of  long-duration  space  flight  on  hu- 
mans should  be  gained  as  background  for  future  space  exploration. 

The  space  station,  in  our  view,  should  be  launched  at  an  orbital 
inclination  that  allows  access  by  as  many  spacefaring  nations  as 
possible,  and  also  to  provide  redundancy  of  launch  vehicles  and  as- 
sured crew  return  vehicles  and  systems.  An  inclination  of  51.6  de- 
grees would  achieve  this,  and  would  enable  Russian  participation; 
thereby  potentially  reducing  costs  and,  certainly,  enhancing  inter- 
national cooperation.  Alternate  orbits  could  also  be  considered,  and 
we  believe  that  an  expeditious  decision  about  orbital  inclination  is 
required. 

As  you  know,  our  committee  believed  that  options  A  and  C  were 
the  designs  most  deserving  of  further  consideration.  I  will  not 
spend  a  lot  of  time  on  that  today,  because  since  our  report  was  sub- 
mitted, the  administration  has  defined  the  option  it  wants  to  move 
forward  with.  And  that  is  option  A,  which  we  believe  to  be  a  desir- 
able engineering  simplification  of  both  Space  Station  Freedom  and 
option  B,  and  was  our  preferred  approach  for  a  modular  buildup- 
type  station. 

If  the  space  station  is  constructed,  we  believe  that  it  must  be 
taken  to  the  stage  of  permanent  human  capability.  Development 
limited  to  power  station  capability  is  simply  not  a  worthwhile  op- 
tion for  the  Nation  to  pursue  at  the  required  cost  levels;  and  fur- 
thermore, even  going  to  human  tended  capability  is  a  marginal 
level  of  development,  because  experiments  requiring  the  presence 
of  crew  members  would  be  limited  to  something  on  the  order  of  30 
days'  duration,  greatly  reducing  the  justification  of  working  on  a 
station. 

Options  A  and  B,  as  you  know,  were  acceptable  to  the  inter- 
national partners,  with  some  concern  about  the  level  of  utilization 
in  option  A. 


13 

Our  review  of  the  input  methodology  and  conclusions  drawn  by 
the  redesign  team  provides  confidence  in  the  realism  of  their  cost 
estimates.  Our  cost  analysis  subcommittee  receive  voluminous  data 
on  estimating  techniques,  including  allowances,  reserves,  con- 
fidence factors  used  for  specific  functions,  and  the  rationale  for 
costing  assumptions.  This  documentation  and  candor  gave  our  sub- 
committee confidence  that  the  redesi^  team's  estimates  had  been 
prepared  in  an  unbiased  and  realistic  manner,  and  provided  our 
subcommittee  with  a  sound  basis  for  assessments  that  are  pre- 
sented in  our  report. 

The  ultimate  cost  of  a  station  and  its  operations  will  be  mini- 
mized only  if  Congress  and  the  administration  make  firm  commit- 
ments to  the  program  and  to  providing  stable  funding.  None  of  the 
fiilly  implemented  phases  of  the  three  station  redesigns  that  were 
presented  met  the  original  targets  of  the  administration  of  $5,  $7, 
or  $9  billion  for  fiscal  years  1994  through  1998.  All  options,  how- 
ever, do  represent  substantial  costsavings  relative  to  Space  Station 
Freedom. 

The  objective  assessment  of  risk  to  human  life  and  to  the  long- 
term  operation  of  a  space  station  must  be  major  elements  in  design 
and  in  decisionmaking.  It  is  the  opinion  of  the  advisory  committee 
that  an  assured  crew  return  capability  must  be  provided. 

We  also  note  that  all  options  as  currently  presented  are  depend- 
ent on  the  space  shuttle  as  the  sole  launch  vehicle.  Assured  mul- 
tiple launch  capability  should  be  made  a  requirement  for  the  sta- 
tion, through  the  use  of  expendable  launch  vehicles  such  as  the 
Russian  Proton,  the  European  Ariane  V,  or  the  U.S.  Titan  IV,  for 
lifting  the  heaviest  elements  in  the  system. 

The  level  of  cost  reduction  and  effectiveness  and  safety  of  pro- 
grams will  depend  on  major  structural  changes  in  management  and 
organization,  both  within  NASA  and  within  the  civilian  contrac- 
tors. This  will  require  great  resolve  on  the  part  of  NASA  and  the 
administration.  The  committee  believes  that  the  NASA  Adminis- 
trator must  be  empowered  to  apply  lean  management  principles 
and  to  assign  the  appropriate  skill  base  to  the  tasks  at  hand. 

Management  layers  must  be  reduced,  and  program  authority  and 
responsibility  must  reside  with  the  program  manager.  A  reduction 
on  the  order  of  30  percent  in  total  civil  service  and  contractor  em- 
ployees assigned  to  the  station  program  should  be  implemented,  to 
gain  efficiency  and  effectiveness.  A  single  prime  contractor,  pref- 
erably selected  from  among  the  current  major  contractors  for  Free- 
dom, should  be  responsible  for  total  system  integration,  including 
cost,  schedule,  and  performance. 

Mr.  Chairman,  it  is  the  hope  of  our  committee  that  these  find- 
ings, and  those  presented  in  more  detail  in  our  report,  will  be  help- 
ful to  the  Congress  and  tc  the  administration,  as  you  make  the  de- 
cisions that  you  must  face  regarding  the  station. 

[The  prepared  statement  of  Dr.  Vest  follows:] 

Prepared  Statement  of  Charles  M.  Vest 

Mr.  Chairman,  distinguished  members  of  the  Committee,  I  am  Charles  Vest, 
president  of  the  Massachusetts  Institute  of  Technology.  I  am  pleased  to  represent 
today  the  17  men  and  women  who  comprised  the  Advisory  Committee  on  the  Rede- 
sign of  the  Space  Station.  Our  committee  worked  intensively  from  April  22,  1993 
through  June  8,  1993  to  assess  the  work  of  NASA's  Space  Station  Redesign  Team 
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on  the  grounds  of  technical  and  scientific  capability,  accuracy  of  projected  costs,  and 
structure  of  management  and  operations. 

Our  committee  members  came  from  varied  backgrounds  in  the  space  program,  in- 
dustry, academia,  and  the  military.  Given  the  assigned  tasks,  varied  expertise  of 
committee  members,  and  extraordinary  time  constraints,  we  organized  and  con- 
ducted our  work  primarily  through  four  subcommittees: 

•  Technical  and  Missions  Assessment,  chaired  by  Dr.  Albert  Wheelon,  retired 
CEO  of  Hughes  Aircraft,  and  member  of  the  Challenger  Commission; 

•  Science,  Application  and  Technology  Research  Assessment,  chaired  by  Dr.  Louis 
Lanzerotti  of  AT&T  Bell  Laboratories  and  chair  of  the  NRC  Space  Sciences  Board; 

•  Cost  Assessment,  chaired  by  Mr.  Jay  Chabrow,  president  of  JMR  Associates  and 
former  director  of  pricing  at  TRW; 

•  Management  and  Operations  Assessment,  chaired  by  Dr.  Mary  Good,  senior  vice 
president  of  Allied  Signal,  former  chair  of  the  National  Science  Board,  and  an- 
nounced nominee  as  Undersecretary  of  Commerce  for  Technology. 

The  entire  Advisory  Committee  held  three  two-day  meetings  (April  22-23,  May  3- 
4,  and  June  7-8).  Typically,  the  first  day  was  devoted  to  public  meetings  of  the  en- 
tire committee  reviewing  the  status  and  development  of  the  redesign  options,  and 
the  second  day  was  spent  primarily  in  subcommittee  working  and  drafting  sessions. 

We  worked  closely  with  representatives  of  the  Canadian  Space  Agency,  the  Euro- 
pean Space  Agency,  the  Science  and  Technology  Agency  of  Japan,  and  the  Italian 
Space  Agency,  who  served  as  ex  officio  members. 

The  Advisory  Committee  interacted  substantially  with  the  NASA  Administrator 
and  the  Redesign  Team  in  an  open,  candid,  and  collegial  manner,  while  being  care- 
ful to  maintain  our  independence  and  objectivity.  From  time  to  time,  we  consulted 
with  NASA's  Independent  Cost  Assessment  Team.  We  reviewed  and  utilized  the  re- 
sults of  NASA's  Requirements  Assessment  Group  Rejwrt.  Individual  members  and 
subcommittees  also  made  fact  finding  visits  to  various  NASA  and  contractor  facili- 
ties. 

Our  report  was  issued  on  June  10,  1993.  The  Suntunary  and  Findings  were  dis- 
cussed and  debated  by  the  entire  Conunittee  and  represent  a  consensus  of  the  mem- 
bers. 

Before  addressing  our  findings,  I  would  like  to  note  that  the  Advisory  Committee 
believes  that  the  civil  space  program  is  a  very  important  national  undertaking,  but 
that  its  priorities  must  be  subjected  to  carefUl  analysis  of  costs  and  benefits.  Fur- 
thermore, it  must  have  greater  stability  with  regard  to  both  goals  and  budgets. 

The  Advisory  Committee  believes  that  the  space  station  should  be  considered  as 
an  ongoing,  evolving  program  of  scientific  and  technological  research  conducted  in 
an  orbiting  national  and  international  research  laboratory  that  is  part  of  this  na- 
tion's high-technology  infrastructure. 

SUMMARY  OF  FINDINGS 

I  would  like  to  summarize  very  briefly  some  of  the  major  findings  of  our  commit- 
tee: 

•  The  Station  Redesign  Team  was  hi^ly  competent,  and  its  work  has  been  effec- 
tive in  providing  several  design  options  covering  a  range  of  cost  and  capability. 

•  Scientific  and  technological  research  and  development  projects  should  be  se- 
lected for  the  station  on  the  basis  of  unique  requirements  for  long-duration  resi- 
dence in  an  orbital  environment  and  the  degree  to  which  human  interaction  is  re- 
quired. Scientific  knowledge  of  the  effects  oi  long-duration  space  fli^t  on  humans 
should  be  gained  as  background  for  future  space  exploration. 

•  The  space  station  should  be  launched  at  an  orbital  inclination  that  allows  ac- 
cess by  as  many  spacefaring  nations  as  possible,  in  order  to  optimize  safety  and 
flexibility,  contain  costs,  and  to  provide  redundancy  of  launch  and  assured  crew  re- 
turn vehicles.  An  inclination  of  51.6  degrees  would  achieve  this,  and  would  enable 
Russian  participation,  thereby  potentially  reducing  costs  and  enhancing  inter- 
national cooperation.  Alternative  orbits  could  also  be  considered.  An  expeditious  de- 
cision about  orbital  inclination  is  required. 

•  Options  A  and  C  are  the  designs  most  deserving  of  further  consideration.  Al- 
though the  general  parameters  and  assessment  of  all  options  developed  by  the  Rede- 
sign Team  are  presented  in  our  report,  most  of  the  Committee's  work  focused  on 
Options  A  and  C.  Among  the  relative  merits  of  these  two  options  are  the  following: 

— Option  A  is  a  desirable  engineering  simplification  of  both  Space  Station 
Freedom  and  Option  B,  and  is  the  preferred  approach  for  a  modular  buildup 
station. 
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— Option  A  has  an  advantage  over  Option  C  in  technical  and  international 
capabuity.  It  also  has  the  advantage  of  achieving  an  early  human-tended  capa- 
bility. 

— Option  C  has  the  lowest  risk  (considering  development  and  launch  risk, 
extra  vehicular  activity,  and  on-orbit  assembly),  and  is  potentially  lower  in  cost. 

•  If  a  space  station  is  constructed,  it  should  be  taken  to  permanent  human  capa- 
bility. Development  limited  to  the  power  station  capability  is  not  a  worthwhile  op- 
tion for  the  nation  to  pursue  given  the  required  cost  levels.  Furthermore,  human- 
tended  capability  is  a  marginal  level  of  development  because  experiments  requiring 
the  presence  of  crew  members  would  be  limited  to  a  30-day  duration,  greatly  reduc- 
ing the  justification  of  a  space  station. 

•  Options  A  and  B  are  acceptable  to  the  international  partners,  with  some  con- 
cern aoout  the  level  of  utilization  of  robotics  in  A.  They  expressed  strong  reserva- 
tions about  Option  C  based  on  lack  of  design  maturity  and  the  fact  that  the  addition 
of  international  modules  does  not  increase  the  capability  of  Option  C  as  clearly  as 
it  does  that  of  Option  A  or  B. 

COSTS 

The  costs  of  the  redesign  options,  and  of  Space  Station  Freedom,  were  the  focus 
of  much  of  the  Conunittees  effort.  Our  review  of  the  input,  methodology,  and  conclu- 
sions drawn  by  the  Redesi^  Team  provides  confidence  in  the  realism  of  their  cost 
estimates.  Our  cost  analysis  subcommittee  received  voluminous  data  on  estimating 
techniques,  including  allowances,  reserves,  confidence  factors  used  for  specific  func- 
tions, and  the  rationale  for  costing  assumptions.  This  documentation  and  candor 
gave  us  confidence  that  the  Redesign  Team's  estimates  had  been  prepared  in  an  un- 
biased and  realistic  manner  and  provided  our  subcommittee  with  a  sound  basis  for 
the  assessments  presented  in  this  report. 

•  Three  viable  design  options  were  developed,  each  of  which  could  be  executed 
at  a  significant  cost  savings  relative  to  Space  Station  Freedom.  The  cost  savings 
arise  primarily  from  management  restructuring. 

•  The  ultimate  cost  of  a  space  station  and  its  operations  will  be  minimized  only 
if  Congress  and  the  Administration  make  a  firm  commitment  to  the  program  and 
provide  stable  funding. 

•  None  of  the  fiiliy  implemented  phases  of  the  three  station  redesign  options 
meets  the  Administration's  cost  targets  of  $5  billion,  $7  bilUon,  and  $9  oillion  for 
Fiscal  Year  1994  through  Fiscal  Year  1998,  nor  does  any  option  meet  the  annual 
funding  target  while  simultaneously  achieving  the  schedule  milestones  desired.  All 
options,  however,  do  represent  major  cost  savings  relative  to  Space  Station  Freedom. 

RISK 

The  objective  assessment  of  risk  to  human  life  and  to  the  long-term  operation  of 
the  space  station  must  be  a  major  element  in  decision  making.  Determining  factors 
include  the  amount  of  reauired  extravehicular  activity  by  astronauts,  the  extent  of 
protection  against  space  debris,  the  availability  of  an  assured  crew  return  vehicle, 
and  the  need  for  access  to  the  space  station  by  alternative  launch  vehicles.  It  is  the 
opinion  of  the  Advisory  Committee  that: 

•  An  assured  crew  return  capability  must  be  provided. 

•  All  options,  as  currently  presented,  are  dependent  on  the  space  shuttle  as  the 
sole  launch  vehicle.  Assured  multiple  launch  access  should  be  made  a  requirement 
for  the  station  through  the  use  of  expendable  launch  vehicles,  such  as  the  Russian 
Proton,  the  European  Ariane  V,  or  the  U.S.  Titan  IV  for  lifting  the  heaviest  ele- 
ments. 

•  Development  risk  (i.e.,  the  probability  of  roadblocks  and  delays  in  the  design, 
construction,  and  operation  of  a  space  station)  is  also  an  important  consideration 
and  has  been  assessed  to  a  limited  extent  by  the  Advisory  Committee. 

MANAGEMENT  AND  ACQUISITION 

The  level  of  cost  reduction,  and  the  effectiveness  and  safety  of  the  program,  will 
depend  on  major  structural  changes  in  the  management  and  organization  of  the  pro- 
gram within  both  NASA  and  the  civilian  contractors.  This  will  require  great  resolve 
on  the  part  of  NASA  and  the  Administration. 

•  The  NASA  Administrator  must  be  empowered  to  apply  lean  management  prin- 
ciples and  assign  the  appropriate  skill  base  to  the  tasks  at  hand. 

•  Redundancies  and  overlapping  responsibilities  such  as  exist  in  the  current 
Space  Station  Freedom  management  structure  must  be  eliminated.  Management 
layers  must  be  reduced,  and  program  authority  and  responsibility  must  reside  in  the 
Program  Manager. 
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•  A  reduction  of  at  least  30  percent  in  total  civil  service  and  contractor  employees 
assigned  to  the  Space  Station  Program  should  be  implemented  following  principles 
of  lean  management  to  gain  efficiency  and  effectiveness. 

•  A  single  prime  contractor,  preferably  selected  from  among  the  current  major 
prime  contractors  for  Space  Station  Freedom,  should  be  responsible  for  total  system 
integration,  including  cost,  schedule,  and  performance. 

We  hope  that  these  findings,  and  the  more  detailed  findings  and  observations  pre- 
sented in  the  report,  will  be  nelpfiil  to  the  Congress  and  the  Administration  in  mak- 
ing the  decisions  regarding  the  space  station. 


["Final  Report  to  the  President,"  by  the  Advisory  Committee  on  the  Redesign  of 
the  Space  Station  may  be  found  in  the  committee's  files.] 

Senator  Rockefeller.  Thank  you  very  much,  Dr.  Vest.  And  I 
thank  you  for  your  work,  the  final  report  to  the  President. 

Let  me  start,  if  I  might,  Dan  Goldin,  with  you.  I  made  it,  I  think, 
reasonably  clear  in  my  opening  statement  that  the  members  of  the 
subcommittee,  and  beyond  that  the  Members  of  the  Senate  must 
have,  what  you  would  say,  a  clear  understanding  of  the  purpose  of 
the  space  station,  the  point  of  it,  why  we  need  to  nave  it. 

You  are  the  administration's  chief  advocate  of  that  and,  there- 
fore, I  would  just  put  to  you  the  imperative  to  tell  us  why  we  need 
the  space  station.  Make  the  case  for  the  space  station,  sir. 

Mr.  GoLDDsr.  Well,  let  me  start  off  by  outlining  first  the  six  basic 
categories  of  areas  where  I  believe  we  need  the  space  station.  And 
then  perhaps  I  could  expand  on  a  few  of  those  areas,  to  emphasize 
a  few  points. 

First,  the  space  station  is  a  place  where  we  could  do  microgravity 
and  life  science  research  on  materials,  biotech  and  biomed,  and  we 
would  gain  an  insight  that  we  cannot  obtain  on  the  ground. 

The  longest  duration  one  could  achieve  on  the  ground  or  in  the 
air,  for  zero  gravitv,  is  about  35  seconds,  utilizing  a  plane  that  flies 
up  and  down.  And  when  you  are  in  the  top  of  the  loop,  you  could 
gain  35  seconds.  Long-duration  microgravity  research  requires  any- 
where between  10  and  120  days  of  continuous  operation,  to  be  a 
useful  laboratory. 

Second,  we  are  a  spacefaring  Nation,  and  as  a  spacefaring  Na- 
tion, we  are  going  to  continue  to  explore  the  space  fi-ontier.  Having 
a  platform  in  space,  where  we  could  develop  new  technologies,  is 
essential. 

If  we  are  to  travel  to  other  bodies  in  our  solar  system,  we  must 
have  closed-loop  systems.  We  cannot  consume  the  copious  quan- 
tities of  water  that  we  consume  on  the  ground.  Right  now,  we  are 
developing  techniques  that  require  one-tenth  of  the  amount  of 
water  per  day  per  person  to  do  all  the  normal  functions,  and  trying 
to  make  that  even  less. 

We  have  to  figure  out  how  to  have  closed-loop  air  systems,  to 
provide  oxygen  to  the  astronauts.  We  have  to  be  able  to  grow  food- 
stuffs in  two  orders  of  magnitude  less  area  to  provide  the  proper 
nutrition  for  astronauts.  These  are  all  fundamental  things  that  we 
can  research  on  the  station. 

Telemedicine,  advanced  robotics,  advanced  materials,  these  are 
the  type  of  technologies  that  would  come  from  a  space  station  plat- 
form. 

Third,  as  we  reach  out  in  our  exploration,  we  must  understand 
how  humans  could  live  and  work  in  space;  and  Mr.  Chairman,  I 
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might  say,  when  you  are  in  zero  gravity,  every  system  in  your  body 
changes.  Your  immune  system,  your  structural  system,  your  cir- 
culatory system.  We  must  understand  how  we  could  operate  in 
space  for  periods  on  the  order  of  a  year  or  2,  without  damage  to 
the  body.  We  must  be  able  to  have  techniques  to  counteract  those 
problems. 

In  addition,  if  we  are  going  to  send  astronauts  on  journeys  for 
years,  we  must  be  able  to  prescreen  those  people,  to  identify  those 
that  might  have  the  potential  for  disease  or  sickness.  We  must  be 
able  to  do  telemedicine,  because  we  cannot  take  hospitals  with  us. 
All  these  things  must  be  developed  before  we  are  ready  to  explore. 

Fourth,  and  I  think  this  is  a  very  key  factor:  As  we  leave  a  cen- 
tury full  of  war,  where  nations  worked  together  on  megaprojects 
that  developed  weapons,  we  have  an  opportunity  on  the  largest 
project  in  history,  to  bring  nations  together  for  peaceful  coopera- 
tion, to  signal  a  new  era.  And  we  will  be  working  on  new  things 
to  help  society  in  general,  and  we  will  be  working  on  techniques 
that  will  help  us  explore  the  solar  system  together. 

Think  about  the  United  States  planting  a  flag  on  Mars,  and  then 
Russia  planting  a  flag  on  Mars,  and  then  Germany  planting,  and 
Japan — will  bring  our  warring  ways  from  Earth  to  Mars.  So,  it  is 
a  way  to  catalyze  peaceful  action  between  nations. 

Fifth,  one  of  the  largest  challenges  to  our  industrial  base  is  not 
the  building  of  devices.  We  are  outstanding  at  building  devices.  But 
as  we  take  a  look  at  next-generation  systems,  we  are  going  to  be 
integrating:  Communications,  information  systems,  software,  and 
entertainment.  And  we  are  going  to  do  it  on  an  international  basis. 
So,  system  management  skills  are  the  type  of  things  that  come  out 
of  a  project  like  this,  and  the  United  States  is  providing  inter- 
national leadership. 

Sixth,  and,  I  do  not  think,  last.  The  first  five  deal  with  the  ra- 
tional and  the  brain.  The  sixth  deals  with  the  heart.  And  that  is 
inspiration.  We  have  to  provide  inspiration  to  people  of  all  ages, 
children,  to  know  that  there  are  boundaries  beyond  low  Earth 
orbit,  to  know  that  there  are  possibilities  for  future  resources. 

It  is  not  inconceivable  that  50  years  from  now,  we  may  be  able 
to  mine  helium-3.  And  if  at  the  same  time,  in  parallel,  we  work  on 
a  yet-undefined  controlled  thermonuclear  reaction  using  helium-3 — 
and  the  University  of  Wisconsin,  I  believe,  is  working  on  that  right 
now — this  is  a  way  of  generating  power  without  any  nuclear  radio- 
active materials  as  a  byproduct.  It  is  a  possibility.  But  20,000 
pounds  of  helium-3  could  provide  enough  energy  for  the  United 
States  of  America  for  1  year. 

These  are  the  type  of  things  that  we  think  about.  This  is  what 
inspires  people,  and  gives  them  hope.  To  understand  how  our  solar 
system  formed.  We  need  nourishment,  intellectual  nourishment. 

^d  those  would  be  the  six  reasons  that  I  would  state  that  we 
need  a  space  station. 

Senator  Rockefeller.  Dan,  I  want  to  go  on  with  you,  but  Sen- 
ator Trent  Lott  from  Mississippi  has  come.  I  would  welcome  any 
comments,  Senator  Lott,  that  you  might  have,  sir. 

Senator  LoTT.  Mr.  Chairman,  is  this  just  opening  statements, 
more  or  less,  or  could  we  ask  a  couple  of  questions  in  the  process? 
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Senator  Rockefeller.  Well,  why  don't  you  do  the  opening  com- 
ments, and  then  we  will  take  our  turns  on  questions. 

OPENING  STATEMENT  OF  SENATOR  LOTT 

Senator  LoTT.  All  right.  Fine. 

First,  I  want  to  apologize  for  not  being  here  to  hear  all  of  your 
opening  statement.  I  want  to  thank  you  for  the  work  that  you  are 
doing  as  Administrator  of  NASA.  And  I  know  it  has  been  very  dif- 
ficult for  vou  personally  to  deal  with  the  redesign  question  and  the 
funding  that  you  need  for  NASA  and  the  space  station  and  all  the 
other  programs  in  NASA.  And  I  think  you  have  been  doing  a  really 
fine  job. 

Last  night,  I  attended  a  meeting,  and  one  of  the  participants  was 
a  young  Congressman  named  Zimmer  from  New  Jersey.  Now,  I 
think  you  probably  recognize  that  name. 

Mr.  GrOLDlN.  I  recognize  the  name,  sir. 

Senator  Lott.  He  was  one  of  the  sponsors  and  lead  opponents  of 
the  space  station  and  tried  to  get  it  knocked  out  in  the  House.  But 
he  paid  you  the  highest  compliment.  He  said  that  your  effective- 
ness on  the  telephone  talking  to  Members,  talking  about  the  op- 
tions and  what  had  been  done  and  what  could  be  done  and  what 
would  be  lost  was  the  difference.  You  changed  the  vote  on  author- 
ization from  a  win  of  only  1  vote  to  a  20-something  vote. 

Mr.  Golden.  Twenty-four,  but  who  is  counting. 

Senator  LoTT.  Yes,  I  thought  you  would  know  the  exact  number. 

So,  while  I  am  sure  there  will  be  some  things  we  will  argue  over 
as  we  go  along,  you  are  doing  a  fine  job  in  a  tough  situation,  and 
this  is  one  Member  that  wants  to  find  a  way  to  help  you  accom- 
plish a  very,  very  important  mission  that  NASA  has,  and  the  very 
important  part  of  it  in  the  space  station. 

And  I  will  look  forward  to  asking  you  some  questions  in  a  few 
minutes. 

Senator  Rockefeller.  I,  Senator  Lott,  agree  with  you  about  Dan 
Goldin.  We  have  had  a  number  of  conversations.  And  there  would 
be  every  reason  for  the  battering  that  you  are  taking  from  Mem- 
bers, like  myself,  who  are  trying  to  make  up  their  mind,  from  the 
press,  et  cetera,  to  be  defensive,  to  grow  weary,  or  whatever.  But 
you  do  not.  I  mean,  you  are  really  formidable.  And  you  are  ex- 
tremely clear  and  honest  in  your  answers.  That  is  an  enormous  ad- 
vantage for  the  whole  policy  consideration  of  this,  and  people 
should  know  that  about  you. 

Having  said  that,  let  me  press  you  with  Dr.  Frank  Press.  As  you 
know,  he  is  president  of  the  National  Academy  of  Science,  or  at 
least  he  has  been,  up  until  recently,  for  the  past  12  years.  He  testi- 
fied before  this  subcommittee  on  the  Federal  Government's  role  in 
science  and  technology.  And  in  answer  to  a  question,  he  said  some- 
thing which  would  be  disturbing  from  your  point  of  view,  and  I 
want  to  give  you  a  chance  to  refute  it. 

He  said,  "Whether  the  space  station  should  go  forward  is  not  a 
science  question.  You  cannot  justify  the  space  station  by  science. 
The  science  can  be  done  without  the  station." 

If  that  is  true,  of  course,  it  calls  into  question  part  of  the  ration- 
ale for  the  space  station.  Rebut  Dr.  Press. 
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Mr.  Golden.  Dr.  Press  is  a  good  friend,  and  I  have  tremendous 
regard  for  his  work.  But  I  also  would  like  to  respectfully  disagree. 
And  let  me  take  a  few  moments  to  explain  the  first  issue,  wnich 
is  what  I  brought  up,  and  that  is  the  long-duration  microgravity  re- 
search, which  is  what  I  think  Dr.  Press  is  referring  to. 

For  centuries,  we  had  two  process  variables,  temperature  and 
composition.  And  then,  finally,  we  developed  pressure.  If  one  takes 
a  look  at  industrial  processes  on  the  ground,  those  are  the  three 
variables  that  determine  it.  But  if  you  take  a  look  at  the  equations 
that  control  directional  solidification  when  you  are  building  semi- 
conductors, for  example,  70  percent  of  those  equations  are  domi- 
nated by  gravity  as  a  term  in  the  equations. 

When  I  take  gravity  away  and  I  go  into  a  laboratory,  I  could  un- 
derstand how  atoms  rearrange.  I  do  not  have  sedimentation.  I  do 
not  have  buoyancy.  I  do  not  nave  convection  currents  which  cause 
problems  in  the  ordering  of  atoms.  And,  most  importantly,  I  do  not 
have  contamination  from  containers  when  I  have  to  do  high-tem- 
perature processing,  because  I  can  do  levitation  in  space. 

This  is  a  capability  that  is  impossible  to  achieve  on  the  ground, 
and  it  is  fundamental  to  understanding  the  basic  physics  of  fluids, 
combustions,  and  materials.  And  let  me  stick  with  inanimate  ob- 
jects first. 

I  had  a  long  talk  with  Dr.  Paul  Chu,  who  is  probably  the  fore- 
most researcher  in  high-temperature  superconductivity  research. 
He  is  saying  he  is  getting  to  the  limits  of  where  he  could  go,  and 
he  needs  a  capability  where  he  could  have  zero-gravity  research, 
with  its  containerless  processing,  and  no  contamination  and  lack  of 
convection  currents  to  develop  concepts  for  new  materials  and  de- 
velop the  understanding  that  he  could  do  it  on  the  ground.  These 
are  things  that  we  learn  about  fundamental  physical  processes.  So 
that  is  one  area. 

The  second  area  is  in  the  biotechnology  area.  This  is  an  explod- 
ing field.  It  is  a  field  that  is  right  now  about  $5  or  $6  billion  a  year, 
destined  to  become  $50  or  $60  billion  a  year.  Eight  of  the  Nation's 
leading  medical  researchers,  eight,  from  all  over  the  country  testi- 
fied before  the  House  authorizing  committee  a  few  weeks  ago. 

They  talked  about  diabetes  research.  They  talked  about  under- 
standing tumors  with  a  bioreactor  which  was  invented  by  NASA. 
On  the  ground  you  cannot  build  three-dimensional  cell  tissues.  Be- 
cause of  gravity,  you  have  a  flattening  effect,  because  of  all  the 
other  phenomenon  I  talked  about.  You  could  build  three-dimen- 
sional tissues. 

We  have  already  built  tumors.  And  we  have  done  genetic  re- 
search on  how  you  could  attack  those  tumors.  Dr.  LaMeda  talks 
about  agents  that  we  study  that  attack  normal  cells  or  attack  bac- 
teria. When  you  go  into  gravity,  it  changes  how  those  operate.  He 
talks  about  the  possibilities  to  enhance  cancer  research. 

Just  in  the  last  2  days,  we  have  had  an  advisory  committee  made 
up  of  NIH  people  and  NASA  people  that  is  going  to  advise  us  on 
how  NASA  and  the  NIH  could  work  closer  together  not  to  do  dif- 
ferent things,  but  how  to  be  complementary.  Senator  Barbara  Mi- 
kulski  was  instrumental  in  getting  us  together.  It  is  the  purpose 
of  NASA  to  understand  human  space  flight  and  provide  a  labora- 
tory facility  where  others  might  come  to  understand  these  other 
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things  I  have  just  talked  about.  So,  I  respectfully  disagree  with  Dr. 
Frank  Press  for  the  reasons  I  just  stated. 

Senator  Rockefeller.  Let  me  just  ask  one  more  question,  Sen- 
ator Burns,  then  I  will  obviously  gladly  yield  to  you. 

Dr.  Vest,  in  your  final  report  to  the  President  on  the  subject  of 
microgravity,  you  did  not  refute  the  need  or  the  interest,  but  you 
indicated  that  there  was  not  much  commercial  interest  in  micro- 
gravity.  Why  is  that  the  case? 

Dr.  Vest.  There  is  a  community  that  has  certainly  grown  up 
around  NASA  programs  that  has  a  sizable  commercial  component, 
largely  working  through  the  various  centers  for  commercialization 
of  space,  which  I  believe  would  disagree  with  that  assessment  and 
would  believe  that  there  is  good,  viable,  and  important  work  to  be 
done. 

It  is  true,  and  I  believe  the  Administrator  would  probably  agree, 
that  companies  have  not  been  beating  the  doors  down  to  get  on 
board  the  space  station.  Whether  that  is  because  they  do  not  see 
the  very  short-term  payoff,  whether  it  is  because  they  believe  that 
they  can  conduct  most  of  the  processes  they  are  interested  in  here 
on  the  Earth,  or  whether  it  is  because  of  the  lack  of  reliability  of 
the  program  is  something  that  I  think  has  tc  be  addressed  to  them. 

But  I  must  return  to  the  point  that  Administrator  Groldin  has 
made  that  the  space  program  and  research  in  general  does  have  to 
do  with  the  unknown.  And  while  I  think  there  is  certainly  only 
modest  commercial  interest  in  the  normal  sense  of  the  word,  there 
is  some  interest,  and  I  think  we  should  be  seriously  considering 
meeting  those  interests. 

Senator  Rockefeller,  Just  a  quick  followup.  Senator  Burns. 

You  indicated  that  on  the  commercial  opportunities.  Then  you 
went  on  to  say  that  commercial  opportunities  available  with  the 
space  shuttle  and  those  proposed  for  a  space  station  show  that 
many  potential  opportunities  were  oversold.  That  indicates  not  so 
much  just  the  lack  of  a  commercial  interest,  but,  in  a  sense,  a  po- 
tential rebutting  of  noncommercial — ^to  wit — NASA  interest  in 
microgravity. 

Dr.  Vest.  Yes,  Senator  Rockefeller,  I  think  that  this  is  an  area 
where  science  and  technology  and  politics  begin  to  merge  in  ways 
that  are  not  always  particularly  productive.  If  you  look  at  the 
whole  range  of  debate  that  has  occurred  about  the  station  over  the 
past  several  years,  it  has  ranged  all  the  way  from  people  who  will 
state  that  there  is  no  reasonable  justification  whatsoever  to  those 
who  will  claim  that  it  is  the  savior  of  national  competitiveness  and 
our  manufacturing  industries;  that  without  it,  we  will  not  find  the 
cure  for  cancer  and  AIDS. 

The  truth,  of  course,  lies  in  between.  And  I  think  it  is  true  that 
there  have  been  statements  on  both  ends  of  that  spectrum  that,  in 
the  view  of  our  committee,  have  been  entirely  too  strong. 

Senator  Rockefeller.  That  is  a  very  fair  answer.  A  very  fair  an- 
swer. 

Mr.  Golden.  Senator  Rockefeller. 

Senator  Rockefeller.  Yes,  sir. 

Mr.  GOLDIN.  I  would  like  to  add  another  point  that  I  think  bears 
on  this  whole  discussion.  And  that  is,  although  I  disagree  with  Dr. 
Press  on  the  scientific  argument,  I  want  to  point  out  one  has  to 
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look  at  the  space  station  in  the  total  context  of  all  the  six  areas 
I  outlined.  But  there  is  another  very  important  fact. 

Senator  Rockefeller.  And  that  is  fair.  In  other  words,  I  as  a 
questioner  could  single  out  one  particular  area,  focus  on  it  exclu- 
sively, and  manage  to  get  others  to  forget  about  the  five  or  six 
other  major  points  that  you  want  to  make.  So  that  is  a  fairly  taken 
point. 

Mr.  Golden.  Yes,  that  is  the  first  point. 

The  second  point:  It  deals  with  the  issue  that  Dr.  Vest  is  talking 
about,  this  polarity  on  both  sides  of  the  issue.  Space  Station  Free- 
dom was  designed  to  be  up  there  for  30  years,  guaranteed.  As  part 
of  the  redesign,  what  the  President  said  is,  "Let  us  go  up  there  for 
10  years  and  see  what  we  could  find  in  all  these  areas  and  look 
at  this  laboratory  and  have  a  national  peer  review  at  the  end  of 
10  vears  against  a  rigid  set  of  criteria,  and  see  where  we  stand." 

If  we  meet  these  criteria,  let  us  go  for  another  5  years  if  we  are 
seeing  the  commercial  utilization,  if  we  are  seeing  all  these  sci- 
entific benefits,  if  we  are  learning  how  to  develop  countermeasures, 
if  we  are  learning  how  to  work  with  each  other  as  nations  in  space, 
if  we  are  understanding  how  to  develop  closed-loop  systems,  if  we 
are  bringing  that  technology  back  to  the  ground  to  create  new  eco- 
nomic benefit. 

So,  I  think  there  is  something  very  different  about  this  redesign, 
and  that  is  we  do  not  have  a  30-year  guaranteed  program  that  goes 
at  $2.5  billion  a  year  after  we  go  operational.  We  have  a  program 
which  has  now  been  reduced  to  $1.3  billion  a  year,  with  a  national 
peer  review  at  10  years.  And  I  think  that  is  probably  the  most  im- 
portant factor  to  come  out  of  this  redesign,  and  it  bears  heavily  on 
what  Dr.  Vest  was  just  talking  about. 

Senator  Rockefeller.  Senator  Burns. 

Senator  Burns.  Thank  you  for  coming  today,  and  let  me  apolo- 
gize. The  other  day  when  we  were  supposed  to  sit  down  and  visit 
and  I  never  did  make  it,  conferences  are  upon  us,  especially  in  ap- 
propriations, and  then  we  start  talking  about  this  particular  sub- 
ject. 

I  would  like  to  ask  both  of  you  to  respond  to  this,  if  you  would: 
Little  attention  has  been  paid  to  the  engineering  advances  that  a 
space  station  may  generate.  The  space  station  challenges  NASA  to 
construct  an  extremely  complex  structure  that  must  function  flaw- 
lessly, like  you  stated,  for  30  years.  Would  you  shed  some  light  on 
the  engineering  benefits  that  may  come  just  from  constructing  such 
a  challenge? 

Mr.  GrOLDEN.  Well,  let  me  start  and  say  I  think  the  first  and  fore- 
most benefit  will  be  in  systems  management.  I  think  that  that  is 
crucial  to  the  future  of  our  economy.  Ajnd  many  of  our  companies — 
you  take  a  look  at  an  article  I  read  in  Fortune  magazine,  Microsoft 
is  now  talking  about  how  they  take  their  software  and  start  inte- 
grating it  with  communications  and  entertainment  and  bringing  it 
together.  It  takes  enormous  skills  to  have  that  systems  manage- 
ment. I  think  that  is  the  most  important. 

The  second  area  is  power  generation.  The  space  station  is  start- 
ing out  with  solar  cells,  but  we  intend  to  use  solar  dynamic  sys- 
tems with  the  solar  concentrator  and  develop  new  techniques  for 
that.  We  are  going  to  develop  life  support  systems,  and  those  life 
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support  systems,  I  might  say,  for  water-starved  States  can  have 
tremendous  benefit. 

I  was  just  out  at  the  NASA  Johnson  Space  Center  looking  at  a 
system  which  right  now  consumes  one-seventh  the  water  per  day 
for  a  human  being,  allowing  for  dishwashers  and  washing  ma- 
chines and  baths  and  all  the  other  things  that  have  to  be  per- 
formed. These  are  very  important  benefits.  How  we  deal  with  the 
recycling  of  air.  These  are  the  type  of  things  communications,  tele- 
communications, telepresence,  advanced  software,  all  these  things 
would  be  tied  in. 

Dr.  Vest.  If  I  could  just  add  very  slightly  to  what  the  Adminis- 
trator has  said,  I  am  very  pleased  that  you  asked  this  question,  be- 
cause there  was  a  strong  view,  I  believe,  within  our  advisory  com- 
mittee, as  there  has  been  within  other  groups  such  as  the  National 
Research  Council's  recent  committee  and  so  forth,  that  no  one 
should  attempt  to  justify  a  space  station  solely  on  the  basis  of  what 
we  think  of  as  fundamental  science,  that  there  may  be  better  ways 
of  spending  a  given  dollar  if  that  is  the  sole  mission. 

One  of  its  unique  factors,  however,  is  what  we  will  learn  techno- 
logically and  as  an  engineering  exercise.  And  as  a  person  whose 
background  is  in  mechanical  engineering,  I  feel  that  technological 
and  engineering  research  have  a  place  that  is  nearly  as  important 
as  basic  scientific  research. 

I  think  that  we  stand  to  learn  a  lot  about  how  one  constructs 
very  complex  structures  in  a  very  hostile  environment,  how  mate- 
rials hold  up  and  function  over  long  periods  of  time  in  the  space 
environment,  how  we  develop  the  control  systems,  how  we  keep 
such  a  thing  safe,  and  protected,  what  the  dynamics  and  behavior 
of  these  complicated  structures  proves  to  be.  As  in  all  engineering 
research  and  development  work,  there  will  be  unknowns  that  wiU 
be  run  into  if  the  space  station  goes  forward.  The  iterative,  continu- 
ing, learning  process  about  its  engineering  aspects,  I  believe,  de- 
serves somewhat  greater  attention  as  you  think  about  the  merits 
of  the  station.  And  I  think  the  Administrator  has  given  a  number 
of  specific  examples  in  that  regard. 

Senator  Burns.  The  report  of  the  Advisory  Committee  on  the  Re- 
design of  the  Space  Station,  the  Vest  Report  you  call  it,  suggested 
that  the  station  was  only  worthwhile  if  its  goal  was  permanently 
manned  capability;  that  is,  a  station  that  can  be  used  independent 
of  the  space  shuttle.  What  was  the  basis  of  that  finding?  What  is 
your  assessment  of  a  station  that  does  not  go  beyond  the  shuttle- 
tended  phase  so  that  it  can  only  be  used  when  the  shuttle  is 
docked?  In  other  words,  would  you  expand  on  your  finding  regard- 
ing permanently  manned  situations. 

Dr.  Vest.  Well,  let  me  give  my  view,  and  I  believe  it  reflects  the 
consensus  of  our  committee.  When,  as  you  are  in  the  process  of 
doing,  one  asks  the  question  whether  a  station  should  be  built,  you 
have  to  ask  what  is  unique  that  the  station  provides  that  cannot 
be  provided  in  other  ways  here  on  Earth  or  in  other  orbiting  vehi- 
cles. And  the  No.  1  thing  that  is  by  definition  unique  about  the  sta- 
tion is  the  ability  to  do  very  long-term  research  and  other  activities 
in  space.  So,  the  No.  1  criterion  is  for  how  long  a  duration  can  an 
experiment  or  other  activity  that  requires  human  tending  can  be 
carried  out? 
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If  you  look  at  the  current  vehicles  available,  working  through  the 
shuttle  and  so  forth,  you  are  talking,  at  the  outside,  about  25  to 
30  days.  The  entire  idea  of  the  station  is  to  be  able  to  conduct 
things  that  last  considerably  longer  than  that.  And  so  that  unique 
feature  is  the  first  thing  to  consider.  And  we  were  not  at  all  con- 
vinced that  stopping  significantly  short  of  permanent  human  pres- 
ence provided  a  great  deal  that  could  not  be  conducted  in  other 
ways. 

Senator  Burns.  I  want  to  congratulate  you  on  whenever  you 
started,  before  you  even  went  into  the  details  of  what  the  President 
or  what  this  administration  wants  to  select,  that  you  established 
some  goals  and  priorities  before  you  even  started  aown  that  road. 
I  think  that  is  very  important.  And,  Mr.  Chairman,  I  have  some 
other  questions.  I  want  to  yield  at  this  time  because  I  want  to  hear 
the  other  side  of  the  coin,  so  to  speak, 

I  would  ask,  if  you  can,  I  think  it  would  be  very  interesting  if 
either  one  or  both  of  these  gentlemen  could  stay  after  their  testi- 
mony. I  would  like  to  hear  them  answer  some  of  their  critics. 

So,  I  thank  you,  and  I  thank  you  for  coming  today. 

Senator  Rockefeller.  Senator  Lott. 

Senator  Lott.  Thank  you,  Mr.  Chairman. 

It  is  obvious,  Mr.  Administrator — well,  first,  I  did  not  mention 
earlier.  Dr.  Vest,  I  know  you  have  alreadv  been  thanked,  but  we 
appreciate  the  work  you  have  done  and  your  attendance  here 
today.  It  has  been  very  helpful,  I  am  sure,  in  many,  many  respects. 

Back  to  you.  Administrator  Goldin.  I  know  you  feel  very  strong, 
and  I  share  these  concerns,  that  if  we  do  not  nave  a  space  station, 
even  in  this  revised  form,  that  the  overall  NASA  program  is  going 
to  be  severely  limited  and  dama^jed.  You  do  agree  with  that,  and 
would  you  like  to  expand  on  it  a  little  bit? 

Mr.  Goldin.  I  would  be  pleased  to  do  that.  You  know,  there  is 
always  a  tendency  to  look  at  the  budget  and  say  if  only  I  could  take 
this  $2  million  or  $2  billion  out  of  the  budget,  everything  is  going 
to  get  fixed  and  the  world  will  be  just  fine.  But  let  me  put  that  $2 
billion  into  perspective. 

If  the  space  station  is  canceled,  there  is  no  destination  for  the 
space  shuttle.  We  have  been  flying  the  space  shuttle  now  for  12 
years,  and  it  took  us  12  years  and  55  flights  to  get  1  year  in  space. 
If  you  were  a  researcher  and  I  gave  you  the  keys  to  the  laboratory 
1  week  every  3  years,  how  much  fi*uitful  research  do  you  think  you 
could  do? 

Now,  we  are  very  proud  of  the  space  shuttle.  It  is  the  most 
unique  machine  in  the  world.  It  is  the  only  machine  in  the  world 
capable  with  up  cargo  and  down  cargo.  But  if  it  has  no  definition 
I  would  find  it  very  hard  to  argue  why  we  would  have  a  space  shut- 
tle if  we  had  no  space  station.  Then  what  we  would  really  be  doing 
is  closing  the  books  of  35  years  of  American  leadership  in  space. 
It  started  35  years  ago  and  it  involved  humans  and  it  involved  ro- 
bots. 

I  was  very  careful  to  point  out  in  my  opening  testimony  that  we 
in  NASA  felt  that  maybe  the  balance  was  maybe  a  little  out  of  kil- 
ter. So,  we  rebalanced  the  books  and  we  are  spending  a  little  bit 
less  on  human  space  flight,  but  we  think  it  is  very,  very  critical. 
The  inspiration  it  gives,  all  the  things  I  stated  are  very  important. 
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And  so  I  think  if  we  canceled  the  space  station  we  are  talking 
about  America  walking  off  the  field  of  human  space  flight.  That  is 
what  we  are  talking  about. 

Now  here,  let  me  compare  that  to  Russia,  a  country  in  turmoil, 
a  country  with  tremendous  economic  problems,  but  one  of  their 
highest  priorities  is  human  space  flight  because  they  see  the  vision 
and  they  understand  the  implication.  If  America  walks  off  the  field, 
the  first  thing  we  are  going  to  be  doing  is  violating  agreements  we 
have  with  12  or  13  international  partners.  What  credibility  will  we 
have  in  the  world.  Second,  those  partners  understand  the  impor- 
tance of  space.  So,  America  will  be  sitting  in  the  bleachers  watch- 
ing the  world  explore  the  horizons,  and  we  will  be  giving  up  a 
world  leadership  position  and  it  is  tragic. 

And  let  me  be  a  little  dramatic.  If  .you  remember  Thomas  Mal- 
thus  in  his  law  of  diminishing  returns,  the  day  we  sent  humans 
into  space  I  think  it  told  the  world  that  there  is  not  a  limit  on  the 
capacity  of  the  human  spirit  and  we  would  not  be  destined  to  work 
by  the  law  of  diminishing  returns.  So,  if  we  cancel  this  program, 
Thomas  Malthus  could  come  out  of  the  grave  and  say  "I  told  you 
so." 

Senator  LOTT.  I  suppose  we  are  free  to  use  those  quotes  any  way 
we  feel 

Mr.  GrOLDiN.  Any  way  you  want. 

Senator  Lott.  Now,  I  believe  you  did  request  $2.3  billion  for  the 
space  station  for  this  fiscal  year,  for  fiscal  year  1994,  which  is  a 
slight  increase  over  the  current  level  of  $2.1  billion;  is  that  correct? 

Mr.  GOLDIN.  Well,  we  requested  $2.1  billion.  The  previous  re- 
quest in  the  1993  submit,  I  beheve,  was  $2.3  billion.  The  new  re- 
quest is  $2.1  bilHon.  But  let  me  tell  you  that  $2.1  billion  includes 
a  lot  of  things  that  the  $2.3  billion  did  not  include.  We  have  total 
bookkeeping  now.  The  $2.1  bilHon  that  we  are  requesting  includes 
the  facilities,  it  includes  the  shuttle  integration,  and  it  includes  a 
broad  range  of  things  that  were  other  places  in  the  NASA  budget. 
And  I  think  I  need  some  help  from  Mai  Peterson.  Mai,  how  many 
extra  dollars  was  that?  It  is  on  the  order  of  $300  million? 

Mr.  Peterson.  Sir,  the  amount  for  space  station  compares  to  the 
current  funding  level  is  about  $1.94  billion.  We  have  about  $160 
million  in  the  $2.1  billion  that  is  for  science  and  for  shuttle  integra- 
tion and  for  facilities. 

Senator  Lott.  Now,  what  was  your  request  for  the  total  NASA 
budget? 

Mr.  GOLDIN.  The  request  was  $15.3  billion  for  the  total  NASA 
budget. 

Senator  LoTT.  Let  me  run  along  to  a  few  other  questions  here 
now.  Dr.  Vest  and  his  commission,  in  making  the  recommendations 
to  President  Clinton,  endorsed  a  higher  orbiting  inclination  for  the 
space  station.  I  understand  that  that  is  so  that — that  choice  of  orbit 
would  also  make  the  space  station  accessible  to  Russian  launches 
and  to  vehicles  launched  from  Japan  and  China  sites;  right? 

Dr.  Vest.  That  is  correct. 

Senator  LoTT.  Then  the  question  I  guess.  Administrator  Goldin, 
for  you  is  does  NASA  currently  have  a  propulsion  system  that  has 
the  capacity  to  achieve  that  high  an  orbit? 


25 

Mr.  Golden.  Right  now  there  are  a  number  of  ways  to  get  there. 
The  most  obvious  way  is  to  use  the  ASRM.  The  two  most  demand- 
ing payloads  that  we  have  are  the  Japanese  lab  and  the  European 
lab,  and  to  get  to  that  high  altitude,  the  most  obvious  approach,  I 
would  say,  is  the  ASRM. 

In  their  report,  the  Vest  panel  said  that  an  alternate  solution 
that  we  should  be  looking  at  is  making  an  aluminum  lithium  tank, 
which  is  another  way  of  saving  weight.  And  a  third  approach  that 
was  looked  at  but  we  really  do  not  understand  is  perhaps  using  the 
Proton  as  a  launch  vehicle. 

But  the  ASRM  is  the  approach  that  we  have  been  on,  and  that 
would  probably  be  the  most  obvious  solution. 

I  might  also  point  out,  in  addition  to  the  international  modules 
there  are  a  number  of  U.S.  modules  that  are  quite  heavy  and 
would  stress  the  system  unless  they  had  extra  propulsion  capabil- 
ity. 

Senator  LoTT.  Well,  one  of  the  recommendations,  I  believe,  was 
to  go  to  Russian  launch  vehicles.  Is  that  one  that  has  been  serious 
considered? 

Mr,  Gk)LDiN.  Well,  it  is  on  the  table.  We  have  not  had  an  oppor- 
tunity to  explore  that  with  the  Russians.  The  thought  was,  in  the 
recommendation,  to  take  a  look  at  for  two  of  the  launches  or  three 
of  the  launches  to  use  the  proton  vehicle  and  for  the  remaining,  I 
think,  15  or  16  launches  to  get  the  station  up  and  to  service  it  to 
use  the  shuttle  with  its  normal  capabilities. 

Senator  LoTT.  Of  course,  I  think  you  have  given  me  the  answer 
that  I  wanted  to  hear  and  that  I  was  seeking,  as  you  well  know, 
that  ASRM  is  the  way  to  accomplish  this.  But  before — if  you  give 
any  consideration  in  the  future  to  using  Russian  launch  vehicles  I 
want  you  to  be  sure  to  also  consider  the  impact  on  American  aero- 
space jobs  and  what  that  would  mean  to  a  lot  of  support  for  the 
overall  NASA  program  and  space  station. 

I  do  not  think  that  we  are  to  the  point  where  we  are  ready  to 
have  our  major  program  being  boosted  by  Russian  vehicles.  Per- 
haps, you  know,  they  are  going  to  be  involved  hopefully,  and  par- 
ticipate and  there  are  a  lot  of  ways  they  can  do  that  that  we  would 
like  and  I  think  would  be  positive.  But  I  would  have  a  lot  of  res- 
ervations about  that. 

Now,  with  regard  to  the  lightweight  aluminum  lithium  tanks, 
this  has  not  been  developed  yet.  There  is  a  lot  that  needs  to  be  con- 
sidered and  investigated  and  studied  before  that  could  be  done;  is 
that  not  correct? 

Mr.  Golden.  We  have  done  some  fundamental  research  on  alu- 
minum lithium,  but  we  have  not  yet  developed  an  aluminum  lith- 
ium tank.  We  have  studied  what  it  might  take  to  develop  it,  but 
we  have  not  done  that  development. 

Senator  Lott.  Thank  you  very  much,  Mr.  Administrator  and  Dr. 
Vest. 

Dr.  Vest.  Senator,  might  I  just  elaborate  very  slightly,  because 
I  want  to  make  clear  that  it  was  not  the  intent  of  our  advisory  com- 
mittee to  recommend  that  these  alternate  launch  vehicles  be  used. 
It  was  our  strong  recommendation  that  we  try  to  keep  our  options 
as  wide  open  as  possible  in  the  face  of  great  uncertainties  and  un- 
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knowns  in  the  future.  So,  it  was  widening  the  options  that  was  our 
intent. 

Senator  Lott.  Thank  you,  Mr.  Chairman. 

Senator  Rockefeller.  Thank  you  very  much,  Senator  Lott. 

I  am  trying  in  my  mind,  Dan  and  C5huck,  to  deal  with  what  I 
think  is  a  very,  very  important  part  of  that,  and  that  is  the  inspira- 
tional part.  TTiere  are  going  to  be  arguments  on  other  levels,  and 
they  can  be  fought  out.  And  you  know  the  arguments  will  prevail 
or  not  prevail.  But  the  inspiration  was  a  very  important  thing  be- 
cause we  are  a  country  which  has  reacted  to  that. 

We  are  an  emotional  people.  We  are  often  disparate,  and  we  are 
often  divided,  and  we,  I  think,  often  yearn  to  be  brought  together 
by  great  challenges  and  great  possibilities.  The  fact  that  you  sug- 
gest that  those  be  within  NASA  or  that  they  be  of  this  level  of 
drama,  that  they  be  Grovemment,  for  No.  1,  that  they  be  explo- 
ration of  space,  it  makes  it  almost  impossible  to  argue  against  that 
because  it  is  so  compellingly  dramatic. 

I  mean,  which  one  of  us  does  not  remember  John  Glenn  and 
what  he  did  and  how  we  were  glued  to  our  television  sets.  I  have 
been  down  to  the  launching  sites,  and  actually,  it  is  more  interest- 
ing when  a  launch  does  not  take  place  because  you  learn  more  as 
to  why  it  did  not  as  compared  to  when  it  does.  So,  I  want  you  to 
talk  about  this  inspirational,  and  both  of  you,  in  fact,  in  some  fairly 
hard  terms. 

This  will  sound  silly,  but  it  is  not  silly  to  me.  I  am  inspired  by 
a  variety  of  things.  I  am  inspired  by  people  that  have  multiple  scle- 
rosis and  fight  it  out  every  day  and  make  it.  I  can  be  brought  to 
tears  by  such  a  thing. 

I  am  inspired  by  people  in  my  native  State — I  wish  it  were  my 
native  State — of  West  Virginia  that  seem  to  be  fighting  uphill  all 
the  time.  Always  the  odds,  economically,  are  against  them.  And  yet 
they  never  quit,  and  they  are  the  first  people  to  go  sign  up  when 
our  country  is  in  trouble  in  terms  of  our  Armed  Forces. 

I  am  inspired  by  Johann  Sebastian  Bach  in  ways  which  I  think 
that  reach  me  and  touch  me  in  ways  that  I  cannot  imagine  any- 
thing else  so  doing. 

I  am  inspired  by  a  great  mind,  a  great  entrepreneur. 

I  am  inspired  by  the  quiet  dignity  of  a  farmer  who  has  been 
struggling  all  of  his  life  but  who  continues  to  make  it. 

Now,  these  are  prosaic  compared  to  what  you  are  talking  about 
but,  you  know,  Jonas  Salk  inspires  me,  Abraham  Flexner  and 
Simon  Flexner  in  the  field  of  medicine,  Albert  Schwitzer,  both  a 
master  of  Johann  Sebastian  Bach  and  giving  up  his  life  to  go  to 
teach  and  administer  medicine  in  the  African  continent. 

What,  in  this  particular  inspiration  of  space  and  the  way  that 
you  use  it,  is  something  that  is  needed  to  galvanize  a  nation  and 
to  lift  us,  in  a  sense,  out  of  our  trouble  so  we  can  look  upon  our- 
selves with  more  pride  and  more  optimism?  I  guess  I  will  call  your 
hand  on  that,  is  the  way  I  want  to  do  it,  to  explain  what  that  has 
meant  for  us,  what  has  it  done  to  the  12-  and  13-year-olds,  who, 
at  least  in  my  judgment,  if  they  wanted  to  be  astronauts  or  engi- 
neers or  scientists  at  about  that  age,  need  to  begin  to  make  that 
decision  and  start  taking  that  coursework  and  who  need  the  models 
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and  the  inspiration,  therefore,  to  make  those  decisions.  Both  of  you 
talk  to  me  about  how  inspiration  has  paid  off  for  us. 

There  is  no  question  that  when  something  in  a  cloud  of  fire  and 
steam  takes  off  into  the  atmosphere  it  is  inspirational.  It  is  on  tele- 
vision. You  are  sitting  there.  You  are  watching.  Whatever  you  are 
doing,  you  are  just  galvanized  by  it.  You  are  deeply  moved,  you  feel 
powerfully  about  your  country.  But  there  are  other  definitions  of 
inspiration.  There  are.  And  in  that  they  are  in  some  ways  less  dra- 
matic or  more  prosaic  or  more  personal  or  less  widespread  or  less 
subject  to  be  on  television,  does  not  mean  that  they  have  less  sig- 
nificance for  our  country  when  aggregated. 

If  you  could,  each  of  you,  comment  on  that,  discuss  that.  I  recog- 
nize it  is  a  philosophical  question. 

Mr.  Gk)LDiN.  I  would  like  to  give  a  few  personal  experiences  that 
I  think  bring  to  mind  what  tnis  inspiration  is;  and  let  me  talk 
about  one  of  them.  And  that  is  a  school  in  Cleveland  called  the 
Anton  Gradina  School.  This  school  has  children  who  attend  it,  I 
think  95  percent  of  them  come  from  below  the  poverty  line.  Almost 
all  of  them  are  minority  children,  that  have  been  stereotyped. 

Space  is  very  magical.  And  when  young  children,  and  because  of 
the  rocket,  and  because  it  is  on  TV,  everyone  is  aware  of  it.  But 
in  our  country,  we  have  a  great  disparity  of,  between  those  that 
have  and  those  that  do  not  have,  and  the  object  is  to  get  those  that 
do  not  have  inspired  to  come  up.  I  think  that  we  are  going  to  have 
an  enormous  impact.  And  let  me  share  with  you  the  Anton  Gradina 
School  in  Cleveland,  OH. 

We  started  a  project  there  called  Space  Station  Harmony.  We 
wanted  to  inspire  these  children,  and  we  wanted  to  give  them  posi- 
tive role  models,  because  if  they  could  see  positive  role  models,  the 
message  was  very,  very  clear  that  they  could  make  it.  And  when 
you  go  into  the  school  today,  you  see  test  scores  that  are  skyrocket- 
ing; you  see  children  operating  computers;  and  vou  see  pictures  of 
Charlie  Boldin,  Mae  Jemison,  Fred  Gregory,  all  African-American 
astronauts,  all  over  the  school. 

You  see  a  vibrancy  that  is  unbelievable.  It  is  as  exciting  as  going 
to  watch  a  rocket  launch  down  at  Cape  Kennedy,  to  see  tne  excite- 
ment in  these  children.  I  listened.  I  addressed  the  children  first. 
And  I  was  introduced  as  the  NASA  Administrator,  this  big  shot 
from  Washington  that  is  coming  to  talk  to  you.  And  the  children 
all  gathered,  and  they  politely  listened  to  me. 

/^d  then  Charlie  Boldin  came  up.  They  knew  who  Charlie 
Boldin  was.  And  they  broke  out.  They  could  not  contain  themselves 
for  5  minutes.  Because  thev  understood  what  Charlie  represented. 
He  is  different  than  an  athlete.  He  is  a  man  who  did  some  very 
difficult  things.  And  he  stood  in  front  of  those  children  and  told 
them  about  the  role  model. 

And  how  he  tried  out  to  be  an  astronaut,  and  he  failed  the  first 
time.  And  how,  he  said,  "I  failed  because  initially,  I  thought  it  was 
because  of  who  I  was."  But  he  failed.  And,  he  said,  "I  went  back; 
and  went  back;  and  tried.  And  finally,  I  made  it.  And  I  am  an  as- 
tronaut. I  was  a  fighter  pilot  and  a  test  pilot."  That  is  inspiration 
that  is  absolutely  essential  for  our  children. 

Elena  Choa  flew  in  space.  Millions  of  Latino  children  were  aware 
of  Elena  Choa  and  her  achievement;  Ph.D.  from  Stanford;  female 
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astronaut.  First  Hispanic  female  ever  to  fly  in  space.  This  is  a  dif- 
ferent level  of  inspiration. 

A  third  experience  is  my  sister,  who  teaches  in  the  south  Bronx 
in  New  York.  She  teaches  in  a  school  with  children  who  have  read- 
ing problems;  that  is  her  class.  Those  children  watched  the  Intelsat 
rescue.  I  had  been  the  Administrator  maybe  3  or  4  weeks,  and  we 
were  going  to  rescue  that  satellite.  She  did  not  tell  them  I  was  the 
Administrator.  But  she  said,  why  do  you  not  watch  this?  Because 
she  sensed  something  exciting  was  going  to  happen. 

The  children  watched  adults  try  and  fail,  try  and  fail,  regroup, 
and  then  succeed.  And  she  said,  from  April  until  the  end  of  the 
school  year,  the  learning,  the  interest  that  these  children  had,  was 
unbelievable.  Because  they  understood  that  it  is  acceptable  to  fail 
in  life. 

And  when  you  do  bold  things,  and  you  go  to  the  cutting  edge,  you 
touch  people  in  different  ways.  And  I  think  that  one  of  the  things 
that  the  space  pro-am  is  going  to  do  for  us  is  help  bring  our  soci- 
ety together.  That  is  just  one  segment.  There  are  many  others;  and 
I  am  sure  Dr.  Vest  could  talk  to  different  levels  of  inspiration. 

Senator  Rockefeller.  Let  me  let  Dr.  Vest  answer  that.  And 
then  let  me  enter,  also,  the  equation  that  when  we  say  that  some- 
thing will  inspire,  and  we  commit  national  resources  to  it — and  in- 
spiration of  the  Nation  is  no  trivial  matter;  we  are  a  nation  that 
needs  to  be  pulled  together,  there  is  no  question  about  it,  we  yearn 
for  it — if  we  fail  in  that  attempt,  and  as  you  are  reaching  for  the 
Moon,  and  you  are  reaching  for  Mars,  and  so  forth,  and  you  do  not 
do  it,  you  do  not  get  there,  then  you  have  to  deal  with  the  possibil- 
ity also  of  inspiration  which  was  there  in  theorv  but  did  not  work, 
and  therefore,  the  sense  of  disillusionment  ana  loss  of  confidence. 
You  deserve  a  chemce  to  answer  that,  Dan. 

Mr.  Gk)LDlN.  I  think  that  any  nation  that  is  afraid  to  do  some- 
thing because  they  are  afraid  to  fail,  because  it  was  difficult,  is  los- 
ing its  grip  on  its  future.  I  do  not  tnink  that  that  is  an  acceptable 
way  of  acting,  in  our  society. 

Senator  Rockefeller.  That  is  a  good  answer.  Chuck. 

Dr.  Vest.  Senator,  I  will  try  to  be  brief.  And  you  challenged  us 
to  be  quite  personal  in  our  answers,  and  therefore  I  will.  And  my 
thoughts  have  more  to  do  with  the  larger,  grand  adventure  of  space 
than  necessarily  just  the  space  station. 

I  like  your  question  very  much,  because  it  is  my  own  belief  that 
human  space  flight,  as  well  as  robotic  exploration  of  the  planets, 
is  indeed  very  much  a  part  of  a  continuum,  or  a  spectrum,  that  in- 
cludes the  things  that  you  referred  to  yourself:  Great  music,  simple 
dignity  of  farmers,  and  so  forth. 

This  was  brought  home  to  me  in  an  enormously  personal  way, 
because  history  and  luck  would  have  it  that,  as  my  wife  and  I  sat 
in  front  of  the  television  set  watching  Neil  Armstrong  take  the  first 
step  on  the  Moon,  our  daughter,  Kemper,  took  her  first  steps  and 
walked  across  our  living  room.  And  the  symbolism  of  those  two 
things  combining  is  something  that  has  stuck  in  both  my  mind  and 
heart  for  a  long  time. 

I  also  want  to  say  that,  as  I  reflect  on  my  own  life  and  really, 
our  generation,  the  generation  of  almost  everybody  here  in  this 
room,  although  some  are  a  bit  younger,  it  has  always  stirred  me 
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to  recognize  that  we  were  the  first  generation,  the  only  generation 
in  the  long  march  of  humanity,  that  left  the  surface  of  our  planet 
on  which  we  were  bom.  And  I  have  always  felt  that  continuing 
that  march  forward  is  quite  important. 

Finally,  I  would  just  say  that  my  own  life  and  career  was  af- 
fected very  much  by  the  inspiration  of  space  flight,  starting  when 
it  was  just  a  dream,  continuing  in  a  very  pragmatic  way  through 
the  investments  in  education  and  mathematics  and  science,  that 
this  country  made  in  the  immediate  post-Sputnik  era.  I  derived  a 
lot  of  inspiration  from  the  space  program,  despite  the  fact  that  very 
little  of  my  professional  work  has  been  oriented  directly  to  space. 

And  I  think  that  is  a  point  that  we  want  to  keep  bewre  us,  be- 
cause nations  need  one  or  two  grand,  heroic  gestures,  in  my  view. 
And  frankly,  they  are  hooks.  It  is  not  that  either  the  Administrator 
or  I,  or  Dr.  Park,  or  anybody  in  this  room,  believe  that  everybody 
has  to  become  directly  involved  in  the  space  program.  But  I  think 
it  is  an  inspirational  undertaking  that  shows  some  relevance  of 
mathematics,  of  science,  of  engineering;  that  gets  a  lot  of  people  in- 
terested who,  as  they  mature  and  follow  their  own  path  in  life,  may 
very  well  go  off  to  work  on  the  sets  of  social  problems  that  you 
have  indicated,  to  work  on  advancement  of  medical  science,  to  work 
in  fundamental  physics. 

Senator  Rockefeller.  I  am  told  that  60  percent  of  all  Ph.D.  en- 
gineers who  graduated  last  year  in  the  United  States  of  America 
were  not  from  America.  In  other  words,  the  question  is:  Is  inspira- 
tion producing  the  engineers?  Is  it  producing  what  we  are  seeking? 

Dr.  Vest.  Well,  the  statistic  that  you  have  just  indicated,  which 
is  correct,  certainly  does  indicate  that  we  are  not  currently  doing 
enough  to  inspire  the  brightest  of  our  young  people  to  go  in  great 
depth  into  science,  engineering,  and  mathematics.  I  would  agree 
with  that.  I  think  we  need  to  pick  up  the  pace. 

Senator  Rockefeller.  One  more  question,  and  then  I  will  turn 
to  Senator  Bums.  And  this  is,  this  is  coming  at  you,  Chuck,  and 
you  may  not  want  to  answer  it  because,  in  our  conversations,  you 
had  indicated  that  you  maintain  a  certain  independence  from  tnis. 

But  I  will  ask  you,  in  any  event,  in  your  opinion,  what  is  the  jus- 
tification for  building  the  space  station?  Is  it  life  sciences  research? 
And  if  it  is,  is  there  a  sufficient  justification  to  build  the  space  sta- 
tion now,  given — and  you  can  argue  this — the  high  probability  that 
this  country  will  not  now  or  in  the  near  future,  send  humans  to  an- 
other planet? 

Dr.  Vest.  Well,  first  of  all,  let  me  thank  you  for  the  caveat  you 
put  at  the  beginning  of  the  question,  because  I  w£mt  to  make  abso- 
lutely clear  to  you  and  to  the  committee  that  our  advisory  commit- 
tee was  just  that.  We  were  to  assess  a  certain  set  of  things.  We  did 
not,  as  a  committee,  discuss,  is  building  a  space  station  good  or 
bad?  Or  if  you  do,  when?  And  so  forth.  That  was  not  our  purview. 
So  this  must  be  simply  a  personal  answer. 

Personally,  I  would  like  to  reflect  the  question  back  slightly,  to: 
Why  do  we  nave  NASA?  Why  do  we  have  a  space  program? 

In  my  view,  NASA  has  three  fundamental  things  it  should  be  re- 
sponsible for:  One  is  to  develop  the  technology,  the  experience  and 
the  knowledge  to  move  humans  and  equipment  beyond  the  surface 
of  the  Earth,  into  space.  The  second  is  to  enable  and  conduct  fim- 
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damental  scientific  research,  aimed  at  the  universe  as  a  whole,  at 
the  planets,  and  now  increasingly  inward  at  our  own  Earth's  at- 
mosphere. And  third,  and  I  want  to  place  before  this  committee 
some  emphasis  on  this,  to  move  vigorously  back  into  civil  aero- 
nautical technology,  which  is  something  I  tnink  our  Nation  needs 
very  badly. 

So,  in  my  view,  the  station  is  justified  if  it  is  possible  to  move 
it  forward  in  a  way  that  is  somewhat  smaller;  simpler;  safer,  as  I 
believe  the  redesign  has  helped  us  to  accomplish;  and  if  it  can  be 
afforded,  without  doing  damage  to  the  basic  space  sciences  compo- 
nent of  the  budget,  and  without  stopping  us  from  moving  forward 
in  aeronautics. 

I  have  to  put  this  in  a  slightly  broader  context,  but  it  really  does 
seem  to  me,  in  theory  at  least,  and  I  hope  in  practice,  that  as  we 
look  at  redeploying  the  resources  of  the  Nation  in  this  postcold  war 
era,  that  the  NASA  budget  should  be  strong.  We  should  keep  our 
aerospace  industry  strong,  working  along  new  peaceful  directions. 
We  should  be  working  on  an  international  basis.  And  I  hope,  very 
much,  that  there  is  room  to  do  all  three  of  these  things. 

Is  the  sole  justification  medical  science?  No.  But  in  my  personal 
book,  perhaps  one  of  the  very  strongest  justifications  is  learning 
about  the  physiology  of  humans  in  long  duration  in  space.  Because 
until  we  know  that,  until  we  understand  what  the  countermeasures 
are  that  permit  surviving  in  zero  gravity,  and  so  forth,  we  really 
cannot  even  answer  the  question:  Should  we  be  moving  on  to  try 
to  take  humans  to  the  planets  or  beyond? 

So,  I  see  human  physiology  in  space  as  very  important.  I  would 
also  enter  the  plea  that  the  technological  components  of  the  re- 
search has  some  weight,  as  well  as  the  fundamental  science. 

Senator  Rockefeller.  The  Russians  have  been  in  space  for  a 
long  time.  They  have  been  up  there  for  at  least  a  year.  They  obvi- 
ously have  collected  data.  And  Dan,  in  our  conversations  you  have 
indicated  to  me  that  that  data  is  insufficient  to  draw  scientific  con- 
clusions which  you  can  count  on,  which  you  can  plan  from. 

Now,  that  is  amazing  to  me.  Because  if  people  are  up  for  that 
long,  and  they  were  up  for  how  many  months? 

Mr.  GOLDIN.  I  think  there  was  someone  up  there  for  13  months. 

Senator  Rockefeller.  So,  a  year  plus. 

Mr.  GOLDIN.  A  year  plus. 

Senator  Rockefeller.  It  seems  incomprehensible  to  me  that, 
even  if  the  data  was  off,  that  there  were  not  such  absolutely  basic 
conclusions  and  such  obvious  results  from  those  13  months  in 
space,  that  that,  in  the  international  spirit  that  you  have  been  talk- 
ing about,  cannot  be  in  a  useful  way  shared  with  us,  and  we  can 
learn  from  it  with  full  sufficiency,  or  with  sufficient  sufficiency. 

Mr.  GoLDiN.  We  have  been,  and  I  think  one  of  the  better  kept 
secrets  is  that  we  have  been  working  with  the  Russians  in  the  bio- 
medical field.  But  when  you  have,  in  science,  a  sample  of  one,  when 
you  do  not  have  the  instrumentation — I  mean,  I  could  tell  you,  one 
of  the  astronauts  and  I  am  trying  to  remember  the  number,  but  the 
fellow  that  was  up  there  for  13  months  had  an  unbelievable  bone 
loss.  And  I  think  the  bone  loss  was  measured  in  tens  of  percent, 
in  his  hips. 
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Now,  we  have  some  data  on  it.  How  do  you  have  a  counter- 
measure  for  that?  We  do  not  know.  So,  there  is  a  data  point,  and 
we  know  there  are  problems  he  had,  muscle  loss.  That  is  iust  fine. 
But  we  have  to  have  multiple  samples,  and  we  have  to  have  the 
proper  level  of  instrumentation.  How  do  you  counteract  it?  Exer- 
cise? Diet?  Chemicals?  Magnetism?  There  are  a  broad  range  of 
things,  so  what  was  done  past  is  not  enough. 

And  what  the  Russians  have  a  strength  in,  is  in  mechanical  engi- 
neering, metallurgy,  propulsion.  America  is  good  in  those  fields,  but 
our  strength  is  electronics,  medical  instrumentation,  biotechnology, 
instrumentation.  And  I  think  the  possibilities,  if  it  could  be  worked, 
of  taking  these  two  complementary  skills  and  combining  them,  I 
think  it  has  enormous  capabilities. 

But  we  are  iust  at  the  Stone  Age,  if  you  will,  of  understanding 
the  effects  on  humans,  developing  countermeasures,  and  more  im- 
portantly than  that,  figuring  out  now  you  prescreen  people  for  dif- 
ferent activities. 

Senator  Rockefeller.  Ultimately,  what  difference,  I  might  ask, 
does  it  make,  if  we  are  not  going  to  Mars? 

Mr.  GOLDIN.  First,  we  want  to  know  if  we  can  go  to  Mars.  As  Dr. 
Vest  pointed  out,  we  will  not  be  able  to  go  to  Mars  until  we  know 
that  humans  could  live  and  work  safely  in  space,  and  I  will  say: 
"We  will  go  to  Mars." 

You  know,  if  you  just  go  back  in  history,  and  think  about  what 
happened  in  Amca.  The  humans  left  their  very  comfortable  vil- 
lages, and  they  meandered  north,  and  they  came  up  across  Russia 
and  across  the  Bering  Sea,  and  came  down  and  settled  North  and 
South  America.  The  Asians  went  out  in  ships.  The  Polynesians 
went  in  canoes  across  the  Pacific.  The  Europeans  went  across  the 
Atlantic.  We  went  to  the  North  and  South  Pole.  We  broke  the 
sound  barrier.  We  went  to  the  Moon. 

We  will  go  to  Mars.  Do  we  have  the  determination  to  do  that? 
I  do  not  know,  but  we  will  go.  But  we  cannot  go,  unless  we  under- 
stand how  humans  could  live  and  work  in  space.  And  we  will  un- 
derstand it. 

The  good  news  is,  as  we  are  doing  it  we  get  tremendous  benefits. 
And  I  come  back  to  the  Dr.  LaMeda's,  Dr.  DeBakey's,  Dr.  Pelis', 
who  all  say  the  dual  use  of  that  understanding,  of  studying  normal 
physiology  in  an  abnormal  environment,  and  comparing  it  to  abnor- 
mal physiology  on  the  ground  in  a  normal  environment,  gives  the 
medical  profession  a  tremendous  complementary  set  of  data. 

So,  the  very  worst  that  is  going  to  nappen  is  we  will  have,  at  the 
end  of  10  years  that  I  talked  about  for  this  national  review,  a  much 
better  understanding  of  the  human  physiology;  a  much  better  un- 
derstanding of  how  to  prevent  and  cure  disease,  to  complement  the 
work  on  the  ground.  That  is  the  very  worst  that  is  going  to  happen. 

Senator  Rockefeller.  A  final  question  of  this  panel.  As  you  in- 
dicated yourself,  Dan,  all  of  the  conversation  about  NASA  is  on 
space;  and  it  is  not  all  of  NASA,  There  is  life  sciences,  there  is  aer- 
onautics, there  are  other  missions.  They  are  formal,  they  are  legal, 
they  are  chartered,  they  are  important,  they  are  national,  and  in- 
deed, they  may  very  well  be  inspirational. 

If  the  space  station  fails,  and  the  $10.5  billion  over  5  years  is 
therefore  fi-eed  up,  tell  me  that  the  money  is  not  needed  in  the 
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other  aspects  of  what  NASA  is  doing,  so  that  the  fight  for  the  space 
station  is  worth  victory  at  all  costs,  potentially  even  at  the  cost  of 
sufficiency  in  the  work  of  NASA  in  aeronautics,  for  example. 

Mr.  GrOLDiN.  Let  me  come  back  and  qualify  what  I  am  about  to 
say,  because  I  think  we  are  talking  closer  to  $6  billion.  Because  if 
the  space  station  is  canceled,  I  believe  the  very  next  thing  that  is 
going  to  happen  is  it  will  make  no  sense  to  have  a  shuttle  if  we 
have  no  destination. 

Senator  Rockefeller.  You  have  said  that,  and  you  are  correct. 

Mr.  Golden.  OK.  That  is  point  1. 

Senator  Rockefeller.  Yes. 

Mr.  Gk)LDlN.  Point  2:  I  think  that  within  the  next 

Senator  Rockefeller.  Could  you  just  do  that  logic  for  me?  I  ac- 
cept what  you  are  saying,  but  do  the  logic  of  why  it  is,  if  the  space 
station  is  not  there  that  the  shuttle,  by  extension  of  any  logic,  will 
not  be  there. 

Mr.  GrOLDiN.  Well,  we  constantly  have  the  battle  over  the  space 
station,  which  is  $2  billion  a  year.  The  shuttle  program  is  about  $4 
billion  a  year,  but  we  never  debate  that. 

Now,  if  we  have  a  shuttle  and  there  is  debate  about  scientific  re- 
search on  the  space  station,  where  you  get  1  year  and  1  year  in 
space,  and  then  we  now  go  to  the  shuttle  and  have  eight  launches 
a  year  for  $4  billion  a  year,  with,  you  know,  15  days  per  mission, 
are  we  getting  our  value  of  that  in  a  very  cramped  set  of  quarters? 
Will  the  scientific  value  be  worth  it? 

Now,  after  the  Challenger  accident,  a  decision  was  made  the 
shuttle  would  not  be  a  national  transportation  system  for  taking 
inanimate  objects  up.  The  only  reason  for  using  the  shuttle  that  we 
have  right  now  at  NASA  is  to  have  missions  where  humans  are  in- 
volved. And  if  we  have  missions  where  humans  are  involved,  we 
will  do  material  science  and  life  science  technology.  But  if  we  are 
not  going  to  build  a  space  station  and  we  are  not  going  to  go  to 
Mars,  there  is  no  necessity  of  doing  anything  else  on  that  shuttle. 
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And  I  think  it  would  be  very  hard  to  justify  to  the  Nation  wh 
we  are  flvi 

the  $2  billion  a  year  for  the  destinatiori,  where  all  the  science  and 
engineering  is  going  on. 

Senator  Rockefeller.  To  the  extent  that  you  want  to  comment 
on  that.  Dr.  Vest,  do  you  agree? 

Dr.  Vest.  I  think  that  this  is  a  question  which  really  is  most 
properly  directed  to  the  Administrator.  I  have  made  my  broad 
views  known  to  you.  This  is  rather  detailed. 

Senator  Rockefeller.  Thank  you,  sir. 

Mr.  GrOLDlN.  But,  now,  stating  that,  I  would  like  to  deal  with  the 
question  you  raised.  NASA  has  a  number  of  issues  facing  it.  We 
have  to  get  sharper  and  more  businesslike,  not  just  with  the  space 
station.  There  are  a  whole  host  of  areas  where  NASA  has  an  oppor- 
tunity, just  like  American  industry,  to  get  more  efficient.  Many  of 
our  programs  are  multidecade  programs  that  went  on  and  on  and 
on  and  did  not  return  science. 

You  know,  if  you  think  about  what  it  takes  to  get  a  Ph.D.  at  Dr. 
Vest's  school,  it  is  about  5  years.  How  in  the  world  could  anyone 
be  coupled  to  the  university  community  when  we  have  programs 
that  last  tens  of  years?  It  just  did  not  make  any  sense.  So,  NASA, 
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not  just  in  the  space  station,  again,  all  the  intensity  of  the  debate 
for  the  last  5  years  has  been  on  the  station.  But  we  ought  to  be 
looking  at  all  of  NASA.  Our  scientific  programs  have  got  to  be 
much  shorter,  much  less  expensive,  much  bolder,  and  do  many 
more  things,  and  to  do  it  for  less  money. 

NASA  has  42,000  service  support  contractors  and  24,000  employ- 
ees. If  you  add  that  total,  you  have  66,000  human  beings  that  man- 
age the  NASA  program.  The  dollar  level  that  we  have  is  less  than 
what  we  had  during  the  Apollo  program  with  many  more  people. 
So,  I  say  we  need  to  look  for  efficiencies  in  the  rest  of  the  program. 

The  reason  I  say  that  is  we  can  maintain  a  very  flat  budget, 
which  is  what  the  Congress  is  asking  for,  and  find  ways  of  starting 
up  new  programs  in  the  other  areas.  And  that  is  why  in  my  open- 
ing statement  I  said,  in  spite  of  the  fact  that  we  took  $15  billion 
out  of  the  5-year  plan,  we  are  going  to  increase  the  aeronautics 
funding  by  50  percent.  For  the  first  time  in  years,  as  I  can  remem- 
ber, and  I  have  been  in  the  space  industry  25  years,  not  only  did 
we  hold  on  to  and  fully  fund  our  basic  scientific  programs,  we  start- 
ed new  ones. 

And  we  did  that  because  we  addressed  some  of  the  areas  where 
we  in  NASA  could  be  more  efficient. 

Now,  could  we  use  more  money  in  aeronautics? 

If  I  had  to  say  what  would  be  the  other  area  that  we  might  want 
to  enhance,  I  think  that  NASA  ought  to  get  back  to  building  X- 
planes.  Our  aeronautics  program  rignt  now  deals  with  technologies, 
but  we  do  not  deal  with  X-planes. 

In  1969,  we  decided  to  walk  away  fi"om  X-planes,  which  had  all 
the  qualities  I  talked  about  for  the  space  station.  It  had  the  ration- 
al qualities  and  the  irrational  quality  of  inspiration. 

I  believe  that  no  matter  what  we  do,  space  station  or  no  space 
station,  this  Nation  ought  to  get  back  to  building  X-planes.  I  think 
the  knowledge  base  we  will  gain  is  crucial, 

I  also  believe  that  we  could  have  a  more  robust  technology  and 
a  science  base  to  support  the  university  community.  You  know,  the 
Defense  Department  budget  is  coming  down  fast.  And  I  think  with- 
in a  few  years  it  is  going  to  come  down  a  lot  faster  than  we  antici- 
pate. 

The  university  community,  the  technical  university  community, 
the  technology  base  America  is  supported,  in  large  part,  by  that  de- 
fense budget.  Where  is  the  money  going  to  come  for  supporting  that 
base? 

It  is  crucial.  We  are  a  technologically  based  society,  and  if  we  ex- 
pect to  be  competitive  in  a  world  market,  we  have  got  to  face  up 
to  that  technology.  I  think  the  load  is  going  to  fall  on  NASA's  back 
and  a  few  other  agencies.  And  that  is  another  area  that  I  think  is 
going  to  require  funding,  independent  of  the  space  station. 

But  the  cynicism  in  me  says  if  the  space  station  is  canceled,  the 
money  is  not  going  to  go  into  X-planes.  The  money  is  not  going  to 
go  into  advanced  scientific  instruments.  The  money  is  not  going  to 
go  into  universities.  The  money  is  going  to  vaporize  in  a  feeding 
frenzy  in  the  Congress  in  an  hour  or  two,  and  we  will  have  nothing 
left.  And  that  is  why  I  am  fighting  so  hard. 

Senator  Rockefeller.  And  you  are  doing  it  very  effectively. 
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Both  of  you  do  great  distinction  to  the  institutions  that  you  rep- 
resent, and  you  are  both  extraordinary  and  excellent  people. 

I  thank  you.  I  would  go  on,  but  we  have  a  second  panel. 

I  genuinely  thank  you  both  for  being  very  helpful. 

Our  second  panel  is  two  people:  Dr.  Lewis  Friedman,  who  is  ex- 
ecutive director  of  the  Planetary  Society  in  Pasadena;  emd  Dr.  Rob- 
ert Park,  who  is  executive  director  of  the  American  Physical  Soci- 
ety here  in  Washington,  DC. 

Dr.  Park,  if  I  could  just  ask  you  a  question.  If  you  are  a  physicist, 
why  don't  you  say  so? 

Dr.  Park.  I  am  a  physicist,  yes. 

Senator  Rockefeller.  Why  do  you  call  yourself  the  American 
Physical  Society? 

Dr.  Park.  Well,  I  do  not  really  know.  That  is  about  a  100-year- 
old  title. 

Senator  Rockefeller.  Will  you  take  it  up  at  your  next  board 
meeting? 

Dr.  Park.  I  will.  But  I  remind  you  that  the  American  Chemical 
Society  does  not  call  themselves  chemists. 

Senator  Rockefeller.  Good  point. 

I  will  be  quiet  and  listen  respectfully  to  both  of  your  testimonies. 

Dr.  Friedman,  we  might  start  with  you,  sir. 

STATEMENT  OF  LOUIS  FRIEDMAN,  PH.D.,  EXECUTIVE 
DIRECTOR,  THE  PLANETARY  SOCIETY 

Dr.  Friedman.  Thank  you  very  much,  Mr.  Chairman.  I  am  very 
glad  to  be  here.  I  am  always  glad  to  come  back  to  this  committee. 
Some  13  or  14  years  ago  I  worked  on  the  other  side  of  the  table, 
working  on  the  staff  here,  and  it  is  nice  to  always  come  back. 

I  am  here  on  behalf  of  the  Planetary  Society,  which  is  the  largest 
space  interest  group  in  the  world,  with  100,000  members  world- 
wide. I  have  sxibmitted  a  position  paper  signed  by  myself,  as  well 
as  Dr.  Sagan  and  Dr.  Murray,  the  President  and  Vice  President  of 
the  Society  respectively,  and  that  is  submitted  for  the  record. 

My  verbal  comments  will  depart  a  little  from  the  prepared  state- 
ment. 

that  is  the  latest  statement  in  our  long  advocacy  for  an  American 
human  space  flight  program,  which  should  be  conducted  inter- 
nationally, and  directed  to  the  goal  of  exploring  the  solar  system. 
We  believe  that  these  two  criteria,  an  international  program  and 
moving  toward  human  exploration  of  the  planets,  are  necessary  to 
generate  the  broad  popular  appeal,  as  well  as  to  provide  the  eco- 
nomic justification  for  the  expense  of  undertaking  human  space 
flight. 

Nationalistic  "race  for  space"  arguments  no  longer  make  sense  or 
have  appeal.  And  trying  to  argue  for  human  space  flight  on  science 
or  commercial  grounds  is  weak.  Robotic  means  will  be  cheaper  and 
safer. 

To  those  two  criteria  for  supporting  a  space  station  worth  the 
cost  should  be  added  a  third:  That  the  program  should  not  be  so 
complicated  nor  so  big  that  it  eats  up  the  other  projects  in  our  civil- 
ian space  program.  TTiat  is  what  I  call  the  albatross  factor,  the  one 
which  has  a  NASA  development  so  heavy  in  mass  or  in  consump- 
tion of  resources  that  nothing  else  in  the  agency  can  move. 
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In  retrospect,  we  now  know  that  this  was  the  case  for  the  shut- 
tle. It  was  a  great  research  and  development  achievement,  but  the 
program  demands  of  it  actually  caused  the  United  States  to  achieve 
less  and  lose  capability  in  space  from  1979  to  1990.  It  could  have 
been  the  case  for  the  space  station  for  the  next  decade. 

Up  until  this  year,  NASA  was  committed  to  Space  Station  Free- 
dom, which,  despite  several  efforts  at  descoping,  was  too  big,  too 
expensive,  and  too  complex,  not  worth  the  cost.  Consequently,  the 
Planetary  Society,  the  leading  advocate  for  human  exploration  of 
the  solar  system,  was  in  the  ironic  position  of  urging  alternatives 
to  Space  Station  FVeedom. 

That  is  why  we  titled  our  testimony,  "A  Space  Station  Worth  the 
Cost,"  to  emphasize  that  we  were  for  something  different  than 
what  was  in  the  plan  submitted  in  earlier  years. 

Fortunately,  tne  Clinton  administration  and  NASA  Adminis- 
trator Dan  Goldin  have  chosen  an  alternative  direction.  They  are 
committed  to  a  major  change  of  direction  in  the  space  station  plan. 
And  we  support  this  new  direction  and  the  goals  to  reduce  cost, 
make  the  station  simpler  and,  hopefully,  to  eliminate  the  albatross 
factor. 

The  proposed  station  plan  now  before  the  Congress  is  a  great  im- 
provement. It  is  cheaper,  but  not  yet  cheap  enough.  It  does  not 
meet  the  cost  goals  that  were  set  out,  and  already  there  are  those 
in  the  Congress  and  elsewhere  trying  to  add  back  little  pieces  here 
and  there.  To  be  specific,  to  make  it  option  B,  the  most  expensive 
one,  instead  of  the  one  that  has  been  recommended. 

But  it  is,  however,  smaller,  and  its  lower  yearly  costs  do  appear 
to  permit  other  important  science  and  technology  to  be  carried  on. 
But  it  is  not  yet  worth  the  cost.  It  can  be.  The  seeds  are  there,  and 
the  Vest  committee  recommendations  provide  for  it.  And  the  NASA 
Administrator  and  the  Clinton  administration  have  stated  their 
support  for  some  of  the  necessary  additions  to  the  plan. 

These  additions  are,  first  and  foremost,  commit  to  place  the 
space  station  in  the  world's  orbit  of  51.6  degrees;  and,  second,  to 
offload  some  of  the  long-duration  human  occupancy  requirements 
onto  the  Russia  Mir  Space  Station.  The  Vest  committee  stated:  "We 
recommend  an  inclination  of  51.6  degrees.  The  choice  of  this  orbit 
would  also  make  the  space  station  accessible  to  Russia  launches 
and  to  vehicles  launched  from  the  Japanese  and  Chinese  sites." 

The  Vest  committee  went  on  to  state:  "The  committee  rec- 
ommends that  NASA  and  the  administration  further  pursue  oppor- 
tunities for  cooperation  with  the  Russians  as  a  means  to  enhance 
the  capability  of  the  station,  reduce  cost,  provide  alternative  access 
to  the  station,  and  increase  research  opportunities." 

Adoption  of  the  world's  orbit,  as  recommended  by  the  Vest  com- 
mittee, represents  one  of  those  rare,  singular  opportunities  of  his- 
tory. In  addition  to  the  technical  advantages,  providing  the  ability 
to  view  almost  all  of  the  land  areas  on  Earth  and  compatibility 
with  the  current  Russian  Mir  Space  Station,  there  is  even  a  more 
importsmt  political  and  historical  advantage.  Use  of  that  orbit  com- 
mits all  of^  the  space-faring  powers  to  international  operations  of 
the  world's  human  space  flight  programs. 

This  is  a  major  redirection,  one  which  clearly  sets  the  stage  for 
postcold  war  space  exploration  and  development. 
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Constructing  a  truly  international  program,  bringing  in  the  con- 
siderable and  valuable  assets  of  the  Russian's  human  space  flight 
program,  with  Europeans,  Japanese,  and  Canadians  and  others,  al- 
lows a  more  economical  and  more  capable  and  popular  space  sta- 
tion to  be  developed.  It  would  enable  some  of  the  requirements  and 
some  of  the  costs  and  some  of  the  resources  to  be  shared. 

It  can  produce  the  only  space  station  worth  the  cost.  With  inter- 
national, political  and  exploratory  goals  popular  with  ordinary  peo- 
ple, those  tfixpayers  and  voters  who  hope  for  a  positive  future. 

In  a  postcold  war  world,  the  idea  of  an  international  space  sta- 
tion, excluding  the  Russians,  seems  contradictory,  if  not  absurd. 
There  are  many  broader  national  and  international  reasons  for 
bringing  the  Russians  in  together  with  the  other  international 
partners  to  create  an  international  station.  The  Russian  assets  in 
human  space  flight  are  real,  and  it  is  in  the  U.S.  interest  to  direct 
it  positively. 

Newspaper  stories  over  the  last  several  weeks  indicate  the  stage 
is  set.  There  is  administration  support,  technical  capability  and 
top-level  NASA  and  Russian  space  agency  desire.  But  congressional 
direction  is  needed  to  light  a  fire  under  many  bureaucracies  in- 
volved to  pull  a  working  plan  out  of  the  endless  policy  discussions. 

We  know  there  are  other  issues  in  United  States-Russia  tech- 
nical relationships,  and  even  in  the  space  arena.  But  by  initiating 
a  working  relationship  in  an  area  that  so  benefits  the  United 
States  now,  we  can  better  influence,  understand,  and  have  insight 
into  the  total  Russia  aerospace  industry  and  its  policies. 

I  have  mentioned  the  advantages  of  the  world's  orbit  as  giving 
us  the  basis  for  future  space  exploration  to  be  a  global  enterprise 
with  much  broader  popular  support  and  significant  costsavings. 
That  is  now  happening  in  the  robotic  space  exploration. 

A  historic  step  toward  international  Mars  exploration  was  taken 
just  a  couple  of  months  ago  when  representatives  of  the  world 
space  agencies  met  in  Weisbaden,  Germany,  and  agreed  to  plan  fu- 
ture Mars  exploration  together — not  merely  coordinate  and  share 
data,  but  to  plan  missions  together.  They  also  endorsed  the 
MESUR/Pathfinder  mission,  which  is  in  the  proposed  budget  now 
before  you. 

We  certainly  hope  you  support  that  new  mission,  which  will 
place  an  advanced,  high-technology  American  microrover  on  Mars 
for  a  very  low  cost.  It  will  work  on  Mars  in  concert  with  a  Russian 
rover  and  a  French  balloon.  The  microrover,  we  hope,  will  become 
part  of  an  international  Mars  team,  just  like  the  world's  orbit  for 
the  space  station  is  the  beginning  of  a  new  way  for  space:  cheaper, 
smaller,  international,  and  more  innovative. 

In  preparing  for  this  space  station  testimony,  I  was  asked  by 
many:  What  are  you  going  to  say?  Are  you  for  it  or  against  it? 

Here  we  are,  the  largest  space  interest  organization  in  the  world, 
with  a  track  record  of  outspoken,  but,  I  believe,  constructive  criti- 
cism, and  still,  after  all  these  years  and  all  this  talk,  there  is  un- 
certainty. 

We  do  support  a  space  station.  Not  the  one  planned  for  the  last 
8  years  and  not  quite  yet  the  one  in  the  administration's  proposed 
budget.  But  it  is  getting  close,  close  enough  to  recommend  that  the 
Senate  vote  for  the  project,  and  adopt  language  directing  NASA  to 
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further  lower  budgeted  costs,  to  bring  in  Russian  assets  and  adopt 
the  world's  orbit. 

The  human  and  robotic  space  flight  programs  can  then  finally  be 
working  together  and  working  globally.  Although  we  know  that  it 
is  not  politic  now  to  advocate  human  exploration  of  Mars,  the  Plan- 
etary Society  maintains  its  vision,  and  represents  the  popular 
dream  of  exploring  the  planets  in  the  21st  century. 

We  agree  with  Mr.  Goldin's  repeated  comments  that  NASA  needs 
to  restore  its  credibility.  And  we  agree  with  the  administration  and 
congressional  priorities  in  reducing  budgets  and  getting  programs 
to  cost  less.  But  the  beacon  remains,  and  so  does  our  outward  vi- 
sion 

MESUIi/Pathfinder  and  an  international  Mars  program  is  one 
small  step  toward  that  beacon.  A  redesigned  space  station,  support- 
ing a  global  human  space  flight  program,  costs  kept  carefully  con- 
trolled and  constrained,  consistent  with  other  science  and  explo- 
ration priorities,  in  the  world's  space  orbit,  could  be  one  giant  leap 
for  humankind. 

[The  prepared  statement  of  Dr.  Friedman  follows:] 

Joint  Prepared  Statement  of  Carl  Sagan,  President;  Bruce  Murray,  Vice 
President;  and  Louis  Friedman,  Executive  Director,  the  Planetary  Society 

The  American  future  in  space  is  about  to  be  decided:  We  can  continue  with  Free- 
dom— an  overpriced  space  station  with  no  coherent  purpose  except  pork-barrel  poli- 
tics, a  station  that  will  actually  work  to  the  detriment  of  space  science,  exploration 
and  technology,  and  eventually  NASA  itself.  Or  we  could  reorganise  the  program, 
lower  its  costs,  enable  major  accomplishments  to  be  achieved  faster,  and  develop 
new  science  and  technology  initiatives  that  serve  American  economic  growth.  There 
really  is  a  way  to  do  this: 

Why  does  a  nation  undertake  an  expensive  and  risky  human  space  flight  pro- 
gram? The  answer  cannot  be  science — whether  it  is  the  growth  of  crystals,  the  de- 
velopment of  semiconductor  manufacturing,  or  proposed  materials  processing — these 
can  be  conducted  less  expensively  and  more  quickly  with  robots  in  space.  Humans 
go  into  space  as  representatives  of  a  public  that  wants  to  explore  other  worlds  and 
open  new  frontiers.  To  go  beyond  the  Moon,  already  visited  by  12  humans,  requires 
long-duration  space  flight  and  extensive  life  support.  These  capabilities  must  be  the 
long-range  goals  of  a  space  station.  Anything  less  does  not  justify  the  risk  and  ex- 
pense of  numans  in  space. 

However,  no  nation  is  now  ready  to  initiate  a  human  planetary  exploration  mis- 
sion. That  will  require  more  technical  preparation,  greater  political  justification  and 
support,  broader  international  organization,  and  better  cost-saving  approaches  than 
have  been  tried  so  far.  The  NASA  space  station  project  is  a  preparatory  step,  but 
one  that,  if  we  are  not  careful,  will  squeeze  out  space  activities  for  a  decade  or  more. 
It  cannot  be  allowed  a  budget  that  exceeds  the  nation's  ability  to  pay.  This  is  dan- 
gerous for  NASA's  own  long-term  future.  Space  Station  Freedom  would  dominate 
NASA's  pro-am  and  would  require  more  than  the  U.S.  can  afford.  We  support  the 
Administration's  recent  goal  of  reducing  costs  and  devising  an  alternative  to  Free- 
dom. 

Freedom,  a  follow-on  to  Skylab,  was  begun  at  a  peak  in  the  Cold  War,  partially 
as  a  competitor  to  the  highly  successful  Soviet  space  station  Mir  Today  much  has 
changed.  American  policy  and  interests  are  being  served  bv  cooperation  with  and 
economic  development  of'^the  former  Soviet  Union.  Besides  the  still  operational  Mir, 
Russia  has  a  working  human  space  flight  infrastructure  and  decades  of  human 
space  flight  experience.  Utilization  of  that  capability,  now  relevant  to  broader  U.S. 
interests,  makes  it  possible  to  develop  a  cheaper,  faster  and  better  U.S.  space  sta- 
tion. The  Russian  space  program  remains  vigorous  under  many  more  serious  eco- 
nomic constraints  than  we  face.  Expanding  the  international  partnership  with  Eu- 
rope, Canada  and  Japan  to  include  Russia  greatly  adds  to  the  economic  and  jwlitical 
base  of  the  station.  It  is  the  new  factor  which  can  produce  an  affordable,  focused 
space  station  worth  the  cost. 

The  Planetary  Society,  the  largest  space  interest  group  in  the  world,  supports  the 
goal  of  a  cheaper,  faster,  better  space  station — one  that  will  reduce  NASA  budget 
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requirements;  make  basic  use  of  Russian  and  other  international  capabilities;  per- 
mit important  and  exciting  science,  exploration  and  technology  initiatives  for  the 
rest  of  NASA;  and  give  the  U.S  taxpayer  a  sense  of  money  well  spent.  We  deplore 
the  current  framework  of  congressional  debate  centered  on  traditional  pork-barrel 
politics,  considerations  of  industry  self-interest,  and  contracts  apportioned  to  maxi- 
mize congressional  support.  We  urge  that  constituents  write  to  their  Representa- 
tives and  Senators,  to  support  a  redesigned  space  station  at  lower  cost,  targeted  to 
long-term  goals,  with  significantly  greater  Russian  participation,  and  incorporating 
the  new  technology  initiatives  offered  in  the  President's  proposed  budget.  No  space 
station  plan,  old  or  new,  should  be  approved  that  does  not  satisfy  these  criteria. 

In  mid-June  the  Administration  will  offer  Congress  a  new  space  station  design, 
and  congressional  committees  will  begin  action  on  the  NASA  budget.  A  key  issue 
will  be  pork-barrel  politics  vs.  a  space  station  worth  the  cost.  We  stand  for  the  lat- 
ter. 

Senator  Rockefeller.  Thank  you,  Dr.  Friedman,  very  much.  Dr. 
Park. 

STATEMENT  OF  ROBERT  L.  PARK,  EXECUTIVE  DIRECTOR, 
AMERICAN  PHYSICAL  SOCIETY 

Dr.  Park.  Mr.  Chairman,  the  American  Physical  Society  is  the 
leading  organization  of  physicists  in  the  United  States.  Many  of  its 
45,000  members  have  participated  in  the  space  program,  or  are 
contributing  to  the  technologies  that  make  the  program  possible. 

It  is  not  their  view  or  mine  that  space  research  or  space  explo- 
ration should  be  curtailed.  Quite  the  contrary.  There  is,  however, 
widespread  concern  over  the  priorities  of  the  space  program. 

It  is  the  view  of  the  American  Physical  Society  that  scientific  jus- 
tification is  lacking  for  a  manned  space  station  in  Earth  orbit.  We 
are  concerned  that  the  potential  contribution  of  a  manned  space 
station  to  the  physical  sciences  has  been  greatly  overstated. 

The  only  unique  property  of  a  space  station  environment  is 
microgravity.  It  is  not  surprising,  therefore,  that  much  has  been 
made  of  this  property  in  attempts  to  sell  the  space  station,  but 
after  years  of  research,  there  is  absolutely  no  evidence  that  a 
microgravity  environment  offers  any  advantage. 

A  possible  exception  was  thought  to  be  the  growth  of  molecular 
crystals,  specifically  protein  crystals.  In  November,  however,  it  was 
disclosed  that  10  years  of  research  on  the  shuttle  and  years  of  re- 
search on  the  Russian  Space  Station  Mir  has  produced  "no  signifi- 
cant breakthrough  in  protein  crystal  growth." 

No  protein  has  been  observed  to  crystallize  in  microgravity  that 
does  not  crystallize  on  Earth.  No  one  disputes  these  findings,  and 
yet  the  growth  of  protein  crystals  continues  to  be  trumpeted  as  a 
major  justification  of  a  space  station. 

Prof.  Nicholas  Bloembergen  of  Harvard,  a  Nobel  Laureate  in 
Physics,  summed  it  up  bluntly  in  testimony  before  a  Senate  com- 
mittee 2  vears  ago.  "Microgravity,"  he  said,    is  of  microimportance." 

Nevertneless,  society  has  realized  enormous  practical  benefits 
from  our  investment  in  space — communications  satellites,  weather 
monitors,  surveillance  systems,  and  incredibly  precise  navigational 
networks.  In  years  to  come,  the  Earth  Observing  System  will  deter- 
mine the  extent  of  manmade  alterations  to  the  Earth's  environ- 
ment, unless,  of  course,  EOS  continues  to  be  postponed  to  make 
funds  available  for  the  space  station. 

These  are  all  direct  benefits  of  the  unmanned  space  program. 
The  manned  space  program,  however,  is  compelled  to  rely  on  prov- 
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en  technology.  Nothing  on  the  space  station  will  be  as  sophisticated 
as  an  $80  point-and-shoot  camera.  The  only  unique  technology  will 
be  the  space  suits,  but  that  market  is  limited,  and  the  market  for 
robots  is  not. 

When  I  was  a  boy,  one  of  my 

Senator  Rockefeller.  I  am  interrupting  you,  but  that  is  an  ex- 
traordinary statement.  You  are  saying  that  putting  a  space  station 
into  orbit  and  all  of  the  properties — physical — that  are  within  and 
on  that  space  station  yield  no  new  technology. 

Dr.  Park.  There  is  only  one  property  of  that  environment  that 
cannot  be  reproduced  for  whatever  period  on  Earth,  and  that  is 
microgravity,  and  at  this  point  the  early  optimism  for  microgravity 
development  has  all  disappeared.  No  one  has  demonstrated  a  sin- 
gle thing  that  can  be  made  in  microgravity  that  we  cannot  make 
terrestrially. 

Senator  Rockefeller.  Do  you  agree  with  that.  Dr.  Friedman?  I 
do  not  mean  to  interrupt  your  testimony,  but  Dr.  Friedman,  do  you 
agree  with  that?  That  is  an  extraordinary  statement.  I  have  never 
heard  anybody  say  that. 

Dr.  Friedman.  I  think  the  distinction  that  has  to  be  made  here 
is,  where  are  you  doing  things  on  Earth,  or  in  space?  If  you  are 
talking  about  the  types  of  science  that  we  are  doing  on  Earth,  and 
limit  it  to  that,  then  I  think  that  statement  would  hold  up. 

But  if  you  believe  we  are  going  to  be  doing  things  in  space  in  the 
future,  then  I  would  disagree  very  strongly  with  that  statement. 
Then  it  comes  back  to  the  questions  you  were  exploring  earlier 
with  the  other  panel. 

If  you  believe  that  humans,  or  even  that  robots,  will  never  do 
anything  in  space,  then  there  is  nothing  to  be  gained  from  the  re- 
search on  space  station  in  a  strictly  scientific  sense,  or  at  least 
close  to  that.  I  am  not  sure  the  statement  should  be  that  absolute, 
but  I  will  not  quibble  with  that  particular  part  of  it. 

Conversely,  if  you  believe  that  either  humans  or  robots  are  going 
to  be  conducting  the  kinds  of  orbital  operations  in  space  that  the 
space  station  would  lead  to,  or  that  we  will  do  some  of  the  other 
things  that  we  expect  for  both  humans  and  robots  to  do  while  ex- 
ploring on  other  worlds  and  on  the  way  to  other  worlds,  then  there 
is  a  tremendous  amount  to  be  learned  from  the  type  of  operations 
in  the  space  station. 

Senator  Rockefeller.  I  apologize  for  the  interruption.  Dr.  Park. 

Dr.  Park.  I  really  do  not  disagree  with  Dr.  Friedman.  I  was  re- 
ferring to  the  arguments  concerning  space  processing,  the  idea  that 
we  can  somehow  create  new  alloys  or  new  medicines  in  space. 
There  is  absolutely  no  evidence  to  support  that. 

When  I  was  young,  one  of  my  heroes  was  the  great  oceanog- 
rapher  William  Beebe,  who  at  great  personal  risk  and  damage  to 
his  health  explored  the  depths  of  the  ocean  in  the  bathysphere.  It 
was  for  me  a  romantic  image,  and  I  dreamed  of  one  day  enduring 
such  hardships  in  the  name  of  pure  science,  but  today,  no  one 
would  think  of  exposing  a  human  to  that  environment.  We  use  ro- 
bots, and  science  is  no  less  exciting.  A  robot  spacecraft  recently 
used  radar  eyes  to  penetrate  the  clouds  of  Venus  and  map  a  land- 
scape human  eyes  will  never  see. 
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Our  robots  have  visited  the  rings  of  the  giant  planets,  landed  on 
Mars  and  analyzed  its  soil  for  signs  of  life,  and  tracked  the 
magnetosphere  to  the  very  edge  of  the  solar  system.  If  we  had 
waited  for  humans  to  do  this  exploration,  it  would  not  have  hap- 
pened in  our  lifetime,  perhaps  never. 

The  redesign  and  review  teams  are  to  be  commended  for  the  way 
they  carried  out  their  assignments.  We  applaud  their  efforts  to  re- 
duce the  cost  of  the  space  station,  but  if  no  meaningful  mission  can 
be  found,  a  space  station  is  not  a  bargain  at  any  price. 

Rather  than  reexamining  the  design  of  the  space  station,  it  is 
time  to  reexamine  its  justification.  We  need  to  be  using  humans  in 
space  in  ways  that  humans  can  perform  unique  functions.  The  APS 
cannot  find  that  justification  in  the  potential  contributions  of  the 
space  station  to  the  physical  sciences. 

Thank  you. 

[The  prepared  statement  of  Dr.  Park  follows:] 

Prepared  Statement  of  Dr.  Robert  L.  Park 

I  appreciate  the  opportunity  to  appear  today  to  present  the  position  of  The  Amer- 
ican Pnysical  Society  on  behalf  of  Dr.  Donald  N.  Langenberg,  President  of  the  Soci- 
ety. Dr.  Langenberg,  who  is  Chancellor  of  the  university  ofMaryland  System,  had 
a  prior  commitment  and  deeply  regrets  that  he  cannot  be  here  today.  I  am  a  profes- 
sor of  physics  at  the  University  ofMaryland,  and  I  direct  the  Washington  omce  of 
The  American  Physical  Society. 

The  American  Physical  Society  is  the  leading  organization  of  physicists  in  the 
united  States,  covering  all  fields  of  physics.  Its  45,000  members  are  drawn  from  aca- 
demic, industrial  and  government  laboratories.  Many  of  these  members  have  partici- 
pated in  the  space  program  or  contributed  to  the  technologies  that  make  the  pro- 
gram possible,  it  is  not  their  view  or  mine  that  space  research  or  space  exploration 
should  be  curtailed.  There  is,  however,  widespread  concern  over  the  priorities  of  the 
space  program. 

In  response  to  these  concerns,  the  APS  three  years  ago  undertook  a  complete  re- 
view of  the  research  programs  planned  for  the  space  station,  following  that  review, 
the  elected  Council  oi  the  American  Physical  Society  issued  the  followmg  statement: 
"It  is  the  view  of  the  American  physical  society  that  scientific  justification  is 
lacking  for  a  permanently  manned  space  station  in  Earth  orbit.  We  are  con- 
cerned that  the  potential  contribution  of  a  manned  space  station  to  the  physical 
sciences  has  been  greatly  overstated  and  that  many  of  the  scientific  omectives 
currently  planned  Tor  the  space  station  could  be  accomplished  more  effectively 
and  a  mucn  lower  cost  on  Earth,  unmanned  robotic  platforms,  or  on  the  shuttle. 
"The  United  States  needs  a  vigorous  space  science  program,  but  such  a  pro- 
gram can  be  implemented  for  the  foreseeable  future  without  the  manned  space 
station." 
Soon  after  the  APS  review  of  the  space  station  program,  NASA  scaled  down  its 
desi^  of  Space  station  Freedom  at  the  direction  of  Congress.  At  the  direction  of 
president  Clinton,  the  space  station  has  now  been  further  reduced.  What  was  true 
in  1991  is  thus  even  more  true  today — the  space  station  is  unlikely  to  make  any 
significant  scientific  contribution. 

THE  MICROGRAVITY  MYTH 

The  only  unique  property  of  a  space  station  environment  is  microgravity.  It  is  not 
surprising,  therefore,  that  much  has  been  made  of  this  property  in  attempts  to  "sell" 
the  space  station.  But  many  years  of  research  on  shuttle  flights  and  in  continuous 
operation  of  the  Russian  Space  Station  Mir  have  produced  absolutely  no  evidence 
that  this  environment  offers  any  advantage  for  processing  materials  or  drugs.  In- 
deed, there  are  sound  reasons  for  doubting  that  it  could;  gravitational  forces  are 
simply  too  weak  to  significantly  affect  most  processes. 

A  possible  exception  was  thought  to  be  the  growth  of  molecular  crystals,  specifi- 
cally protein  crystals.  In  November,  however,  a  team  of  Americans  that  collaborated 
in  protein  crystal  growth  experiments  on  Mir  and  on  the  U.S  space  shuttle  reported 
in  Nature  that  ten  years  of  work  at  stupendous  cost  had  produced  "no  significant 
breakthrough  in  protein  crystal  growth.  Microgravity  has  no  effect  on  crystalliza- 
tion of  most  proteins,  they  report,  and  if  it  does,  crystals  are  as  likely  to  he  worse 
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as  better.  No  protein  has  been  observed  to  crystallize  in  microffravity  that  does  not 
crystallize  on  Earth.  No  one  disputes  their  findings,  and  yet  tne  growth  of  protein 
crystals  continues  to  be  trumpeted  as  a  major  justification  of  a  space  station.  Even 
if  it  had  turned  out  that  better  protein  crystals  could  be  grown  in  soace,  the  entire 
annual  world  market  for  protein  crystals  is  a  minuscule  fraction  of  the  cost  of  a  sin- 
gle shuttle  mission. 

There  are  a  few  basic  experiments,  in  fields  such  as  turbulence  and  phase  transi- 
tions, that  would  be  expected  to  benefit  from  a  zero  gravity  environment.  But  these 
are  not  hi^  priority  experiments,  and,  in  any  case,  could  be  conducted  on  un- 
manned platforms  or  on  the  shuttle.  Professor  Nicolaas  Bloembergen  of  Harvard,  a 
Nobel  laureate  in  physics,  summed  it  up  bluntly  in  testimony  before  a  Senate  com- 
mittee two  years  ago:  "Microgravity,"  he  said,  "is  of  microimportance." 

Moreover,  any  manned  platform,  whether  it  is  the  station  or  a  shuttle,  is  a  "noisy' 
gravitational  environment.  Any  movement  by  humans  or  the  operation  of  their  life- 
support  machinery  creates  slight  motions  that  generate  weak  gravitational  fiuctua- 
tions.  It  is  these  motions,  which  must  inevitably  occur  on  a  manned  space  platform, 
that  renders  such  platforms  unsuited  for  high  resolution  Earth  or  astronomical  ob- 
servations. 

THE  SPINOFF  MYTH 

Society  has  benefitted  enormously  from  our  investment  in  space.  Satellites  relay 
communications  around  the  world,  track  weather  systems,  maintain  constant  sur- 
veillance of  our  adversaries,  scan  space  and  Earth  for  the  tell-tale  flashes  of  forbid- 
den nuclear  tests  and  serve  as  incredibly  precise  navigational  beacons.  In  years  to 
come,  the  Earth  Observing  System  (EOS)  will  determine  the  extent  of  man-made 
alterations  in  the  global  environment — unless  it  continues  to  be  delayed  to  make 
funds  available  for  the  space  station. 

These  are  the  tangible  benefits  of  the  space  program.  It  is  both  false  and  demean- 
ing for  NASA  to  claim  that  products,  from  magnetic  resonance  imaging  (MRI)  to 
synthetic  pig  teats,  are  "spinoffs"  of  the  space  program.  Any  program  that  spends 
$15  billion  per  year  is  bound  to  produce  something  that  society  can  use,  but  few 
of  NASA's  claims  stand  up.  Indeed,  an  internal  NASA  study  of  technology  transfer, 
which  became  public  in  January,  acknowledged  that  NASA  spinoff  claims  were  ex- 
aggerated, including  such  famous  examples  as  Velcro,  Tang  and  Teflon.  "Contrary 
to  popular  belief,"  the  study  found,  "NASA  created  none  of  these."  NASA  merely 
publicized  them. 

And  the  manned  space  program  is  much  less  likely  to  produce  commercial  spin- 
ofl's  than  the  unmanned.  The  manned  space  program  is  required  to  relv  on  proven 
technology.  The  space  station  will  employ  technology  that  is  20-year8  old.  It  will  not 
advance  the  frontiers  of  technology — it  is  not  a  producer  of  technology,  but  a 
consumer.  An  exception  might  be  space  suits,  but  that  market  is  very  limited — the 
market  for  robots  is  not. 

THE  EXPLORATION  MYTH 

Research  satellites  image  the  universe  at  wavelengths  far  outside  the  narrow 
spectrum  to  which  human  eyes  respond,  enormously  expanding  our  knowledge  of 
the  structure  of  the  universe.  An  unmanned  spacecraft  used  radar  eyes  to  penetrate 
the  noxious  clouds  of  Venus  and  map  a  surface  human  eves  can  never  see.  Our 
spacecraft  have  visited  the  rings  of  the  giant  planets,  landed  on  Mars  and  analyzed 
its  soil  for  signs  of  life,  and  tracked  the  magnetosphere  of  the  Sun  to  the  very  edge 
of  the  solar  system,  if  we  had  waited  for  humans  to  do  this  exploration,  it  would 
not  have  happened  in  our  lifetime — perhaps  never. 

There  is,  in  fact,  only  one  planet  other  uian  Earth  on  whose  surface  humans  could 
actually  set  foot — Mars.  But  encased  in  his  space  suit,  an  astronaut  on  Mars  would 
have  only  one  sense — sight.  And  we  can  put  robot  eyes  on  Mars  that  are  better  than 
those  of  humans — and  see  what  the  roDot  sees — and  control  its  movements  from 
Earth.  All  of  us  would,  in  effect,  be  along  on  the  mission.  That  is  adventure. 

When  I  was  a  young  boy,  one  of  my  heroes  was  the  great  oceanographer  William 
Beebe,  who  at  great  personal  risk  and  permanent  damage  to  his  health  explored  the 
depths  of  the  ocean  in  the  "bathysphere."  It  was  for  me  a  romantic  image,  and  I 
dreamed  of  one  day  taking  such  risks  in  the  name  of  pure  science.  But  today,  no 
one  would  think  of  exposing  a  human  to  that  environment.  We  can  send  a  robot. 
Science  is  no  less  of  an  adventure,  but  scientists  are  living  longer. 

SUMMARY 

The  redesign  and  review  teams  are  to  be  commended  for  the  way  they  carried  out 
their  assignments.  We  applaud  their  efforts  to  reduce  the  cost  of  the  space  station. 
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but  if  no  meaningiiil  mission  can  be  found,  a  space  station  is  not  a  bargain  at  any 
price.  Rather  than  reexamining  the  design  of  the  station,  it  is  time  to  reexamine 
its  justification.  The  APS  cannot  find  that  justification  in  the  potential  contributions 
of  the  space  station  to  the  physical  sciences. 

Senator  Rockefeller,  Thank  you,  both  of  you.  Actually,  you 
made  an  interesting  point  when  you  linked — you  indicated  there  is 
really  nothing — and  I  am  not  paraphrasing  you  accurately,  so  I  will 
just  say  you  indicated  that  there  is  realfy  very  little  that  cannot 
be  done  by  robots. 

Dr.  Park.  That  is  correct. 

Senator  Rockefeller.  And  that  in  fact,  if  you  are  dealing  with 
robots,  then  there  are  certain  efficiencies  because  you  do  not  have 
to  spend  the  amount  of  money  on  safety  precautions  and  things  of 
this  type. 

Dr.  Park.  Grenerally  very  great  efficiencies. 

Senator  Rockefeller,  But  then  let  us  deal  with  the  question  of 
inspiration.  I  do  not  want  this  to  sound  soupy,  but  I  think  frankly 
that  behind  Congressmen  and  Senators  that  is  a  fairly  major  force. 

I  have  spent  a  lot  of  time  walking  around  this  place  with  John 
Glenn,  and  people  walk  up  to  him  as  a  god,  emd  he  is  an  icon  in 
this  country.  People  are  just  amazed  that  they  came  to  the  Capitol 
and  actually  saw  John  Glenn,  and  talk  about  it  for  the  next  20 
years,  I  am  sure.  He  is  not  a  robot,  he  is  a  human. 

So,  the  question  of  the  reach  of  science,  of  the  life  sciences  and 
whatever  it  is  that  we  can  do  in  microgravity  which  has  been  de- 
meaned in  the  testimony. 

If  it  can  be  done  by  robots,  does  that  preclude  the  12-  or  13 -year- 
old  youngster  who  is  considering  going  into  science  or  engineering 
or  into  aerospace  or  something  of  this  sort — does  the  fact  that  the 
item  doing  the  research  is  a  robot  and  not  a  human  deter  that  12- 
or  13-year-old  from  making  a  decision  which  takes  him  into  a  ca- 
reer in  engineering  which  helps  our  country  in  so  many  ways? 

Is  it  necessary  for  that  to  be  a  human  to  achieve  the  word,  "in- 
spirational"? 

Dr.  Park,  Senator,  I  am  an  admirer  of  Senator  Glenn  as  well, 
and  my  profession  is  trying  to  inspire  young  people,  but  let  me  say 
that  it  will  not  inspire  them  if  it  is  understood  that  what  they  are 
doing  can  be  done  by  machines.  We  need  to  use  human  beings  in 
ways  that  make  use  of  our  unique  talents,  and  I  do  not  think  the 
space  station  does  that. 

I  am  not  against  manned  space  flight,  I  am  against  using  hu- 
mans in  less  tnan  human  functions. 

Senator  Rockefeller,  So  that  you  are  saying  that  it  could  be  in- 
spirational, but  it  is  not  honest  intellectually, 

Dr,  Park,  It  will  not  even  be  inspirational  if  they  begin  to  sense 
that,  and  I  think  they  will.  My  own  students  now,  they  are  science 
students,  they  are  pnysics  majors,  but  they  were  just  as  inspired 
when  our  robot  spacecraft  visited  the  planet  Neptune  and  we 
watched  on  the  monitors  as  it  passed  that  erie  blue  planet — ^they 
were  as  inspired  as  I  had  been  many  years  earlier,  when  I  watched 
the  television  and  saw  a  man  stepping  off  on  the  Moon,  It  brought 
tears  to  my  eyes,  I  saw  these  students  moved  in  the  same  way. 

Senator  Rockefeller.  That  is  an  interesting  point,  because  I 
suspect  many  people  do  not  even  know  whether  it  is  a  man  or  a 
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robot  which  is  producing  those  images  which  inspire  them.  That 
would  be  your  point,  I  suppose. 

Dr.  Park.  I  think  that  is  right,  and  as  I  say,  no  human  being  is 
ever  going  to  pass  by  the  planet  Neptune  unless  we  make  some 
enormous  advances  in  how  to  handle  the  radiation  problems. 

Senator  Rockefeller.  You  mentioned  protein  crystal  growth, 
and  you  dismiss  that,  basically.  You  mention  medical  possibilities, 
and  you  kind  of  dismiss  that. 

Now,  there  is  a  lot  of  work  going  on  at  the  University  of  Alabama 
and  other  places  in  electrophoresis,  and  there  is  a  lot  of  conversa- 
tion that  links  directly  work  that  can  be  done  by  humans  in  micro- 
gravity  that  leads  to  potential  breakthroughs  in  cancer,  Parkin- 
son's, and  other  disease.  You  have  heard  that  conversation  and  dis- 
cussed that  with  me. 

Dr.  Park.  Senator,  all  of  these  promises  were  made  for  the  shut- 
tle program.  The  shuttle  was  going  to  do  all  of  those  things  for  us. 

The  shuttle  program  did  not,  and  then  we  were  told  it  was  be- 
cause the  duration  of  the  flights  is  not  long  enough,  but  the  Rus- 
sians, previously  the  Soviets,  have  had  a  space  station  up  there, 
going  on  7  years,  almost  continuously  occupied.  The  scientific  bene- 
fits from  that  have  been  almost  negligible. 

Senator  Rockefeller.  Explain  that  to  me — the  scientific  bene- 
fits have  been  negligible — and  Dr.  Friedman,  please  be  fi*ee  to  com- 
ment. 

Dr.  Park.  They  have  tried  many  experiments  on  ci^stal  growth 
for  example.  They  have  absolutely  made  no  progress  in  all  of  that 
time. 

Senator  Rockefeller.  The  Russians  do  not  usually  say  when 
they  do  not  do  something. 

Dr.  Park.  As  a  matter  of  fact,  the  Russians  have  offered  to  sell 
us  all  of  the  data  that  they  have  collected  over  all  of  those  years 
for  a  few  million  dollars. 

Senator  Rockefeller.  And  we  are  not  interested. 

Dr.  Park.  We  do  not  seem  interested. 

Senator  Rockefeller.  That  is  interesting. 

Comments,  Dr.  Friedman. 

Dr.  Friedman.  Well,  I  would  comment  on  your  questions  to  Dr. 
Park.  I  would  agree  that  the  space  station  in  and  of  itself  Nvill  not 
be  inspiring  if  it  does  not  have  a  human  destination.  That  is,  if  it 
does  not  have  a  human  exploratory  goal.  I  think  that  has  been  our 
trouble  with  the  shuttle  over  the  past  decade,  and  we  ought  not  to 
repeat  that  mistake. 

Your  fundamental  question,  however,  had  to  do  with  humans 
and  robots.  I  am  certainly  not  going  to  pick  one  side  or  the  other 
in  this,  we  are  strong  champions  of  the  robotic  exploration  of  the 
planets,  and  urge  that  this  type  of  adventure  continue,  as  well  as 
the  knowledge  we  get  from  it. 

I  do  not  know  the  answer.  I  think  it  is  a  race  right  now  in  manv 
ways  to  see  whether  humans  will  explore  Mars  or  whether  it  will 
be  done  with  sophisticated  robotic  machines  which  will  send  back 
the  data  to  Earth,  put  those  in  computers,  and  create  the  virtual 
environment  and  then  have  hundreds  of  millions  of  people  partici- 
pate in  the  exploration  of  Mars  through  virtual  reality  rather  than 
just  a  few  emissaries  do  it  on  that  planet. 
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On  the  other  hand,  I  think  the  pacing  question  which  will  guide 
21st  century  space  exploration,  is,  is  the  human  species  a  single 
planet  species,  and  whatever  the  answer,  what  are  the  implications 
of  that? 

I  feel  very  fortunate  to  be  able  to  play  some  part  in  the  space 
program,  at  this  time  in  history  which  may  well  determine  whether 
or  not  humans  will  be  a  multiplanet  species. 

My  prediction — which  I  am  usually  not  very  good  at,  is  that  in 
the  next  100  years  it  will  be  determined  whether  humans  will 
evolve  on  Mars.  Also,  as  Mr.  Goldin  described  earlier,  we  are  also 
going  to  see  advanced  robotic  development  for  exploring  other 
worlds  enabling  exploration  via  virtual  reality. 

I  do  not  know  whether  we  are  going  to  be  satisfied,  even  hun- 
dreds of  millions  of  us,  watching  such  exploration  with  advanced 
stereo  headsets  and  television  screens  surrounding  our  rooms.  We 
may  still  want  the  human  presence  up  there  to  look  for  evidence 
of  past  life  or  to  create  the  opportunity  for  future  life. 

It  is  an  extraordinary  question.  It  is  figuratively  similar  to  the 
question  that  occupied  the  mind  of  the  few  celled  creatures  who 
made  the  transition  from  the  sea  to  the  land  as  the  first  amphib- 
ians and  determined  the  evolution  of  intelligent  life  on  land. 

It  has  implications,  just  the  space  program,  and  beyond  Mars,  to 
the  distribution  of  life  in  the  universe. 

Even  Senators  and  Representatives  do  not  get  to  decide  whether 
the  human  species  will  be  multiplanet  or  single  planet.  They  only 
decide  whether  we  are  taking  a  step  in  programs  that  will  deter- 
mine that. 

An  international  space  station  that  admits  a  robust  science  pro- 
gram in  NASA  is  an  opportunity  to  advance  this  step  in  human 
evolution. 

Senator  Rockefeller.  Let  me  pursue  with  both  of  you  the  dif- 
ference between  men  and  women — human  species — and  robots,  and 
if  you  take  us  10  years  down  the  road,  there  has  been  increasing 
talk  about  robots  making  judgments,  absorbing  information,  cal- 
culating information,  and  putting  information  back  out  which  takes 
into  account  judgment,  knowledge,  and  even  some  are  talking 
about  emotion. 

So  that  perhaps  one  of  the  questions  that  needs  to  be  asked  in 
this  whole  sort  of  inspirational  dimension  is,  how — in  10  or  15 
years  or  however  you  wish  to  frame  it,  in  what  ways  crucial  to  the 
exploration  of  space  and  other  things  that  NASA  wants  to  do  up 
there  will  robots  be  deficient  in  comparison  to  the  human  species? 

Dr.  Friedman.  Let  me  go  to  Mars  with  this.  I  am  relieved — I 
thought  you  were  going  to  ask  us  the  question  about  the  difference 
between  men  and  women.  I  would  not  want  to  answer  that  one. 

But  I  am  willing  to  discuss  human  and  robotic  roles  in  explo- 
ration. The  robotic  spacecraft  on  Mars  have  made  extraordinary 
discoveries  that  have  changed  our  mind  about  the  nature  of  Mars 
many  times.  Before  the  first  space  missions  to  Mars,  we  had  vi- 
sions of  ancient  Martian  settlements  perhaps  with  a  few  dead  cities 
or  some  remnants  of  life  to  be  found. 

Then  from  the  first  several  Mariner  spacecraft  results  Mars  ap- 

E eared  to  be  a  dead  planet.  It  looked  like  the  Moon:  Just  nothing 
ut  craters.  We  could  have  quit  at  that  point  and  said,  it  is  over, 
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but  fortunately  we  sent  an  orbiter  to  Mars  in  1971  and  then  the 
Viking  orbiter  landed  there  in  1975,  and  found  a  very  different 
planet.  It  showed  a  varied  and  interesting  set  of  different  terrains. 
But,  we  were  disappointed:  We  did  not  find  life.  Then  we  saw  a 
planet  that  had  in  its  past,  rivers,  lakes,  possibly  even  oceans.  To 
have  such  water  on  the  surface  of  Mars,  we  know  it  must  have 
been  much  warmer  and  in  the  past  quite  a  heavier  atmosphere. 
The  conditions  on  Mars  then  from  that  a  heavier  atmosphere  prob- 
ably formed  a  greenhouse  effect  that  made  the  planet  warmer.  The 
conditions  then  may  have  very  much  been  like  the  early,  first  sev- 
eral hundred  million  years  of  Earth.  We  know  that  life  arose  on 
Earth  in  those  first  700  million  years.  And  so  we  ask,  if  those  con- 
ditions were  so  similar  on  Mars,  did  life  arise  on  Mars?  And  when 
Mars  lost  its  atmosphere  and  its  water  froze,  what  happened  to 
that  hypothetical  life? 

That  question  cannot  be  answered  in  any  way  I  know  by  robots. 
It  may  turn  out  to  be  that  a  way  will  be  found  but  I  caution  that 
we  have  often  overestimated  the  ability  of  future  robots.  I  remem- 
ber reading  Popular  Mechanics  articles  about  robot  cities  and  ro- 
bots which  worked  on  everything  at  home  so  that  women — and 
men — would  not  any  longer  do  housework,  shopping,  or  cooking. 
Well,  that  has  not  happened  vet. 

On  Mars,  to  look  for  life  of  the  past  or  to  find  out  the  conditions 
for  it  to  take  hold  in  the  future  we  need  to  conduct  microscopic 
studies  and  the  age  dating  on  samples — we  do  not  know  how  to  do 
robotic  remote  age  dating  all.  So  we  will  either  bring  a  sample  back 
to  Earth,  by  robots,  or  with  humans,  or  set  up  a  base  on  Mars  with 
humans  and  with  laboratory  equipment. 

I  will  admit  that  Mars  is  a  somewhat  special  case.  There  is  no 
other  planet  in  the  solar  system  that  is  so  suitable  for  possible 
human  colonies.  Certainly  it  is  hard  to  imagine  human  missions  or 
colonies  on  Venus  for  example. 

But  the  idea  of  humans  getting  off  this  planet  and  trying  to 
adapt  to  other  conditions  is  in  our  future,  and  that  will,  be  defini- 
tion, require  human  exploration  and  human  life  sciences  in  our 
space  program. 

Senator  Rockefeller.  Dr.  Park. 

Dr.  Park.  I  agree  with  most  of  that.  I  have  a  slightly  different 
perspective.  If  we  send  an  astronaut  to  Mars,  when  he  steps  out 
in  a  space  suit  he  has  only  one  sense.  He  has  no  sense  of  touch 
or  smell  or  hearing.  Locked  in  his  space  suit,  the  only  sense  he  has 
is  that  of  sight. 

We  can  put  better  eyes  on  Mars  than  yours  or  mine  or  any  astro- 
nauts, even  a  young  man's  eyes.  And  we  can  send  those  eyes  wher- 
ever we  wish.  We  are  not  talking  now  about  a  robot  that  makes 
decisions.  We  can  make  those  decisions  from  Earth.  It  is 
telerobotics.  We  see  what  the  robot  sees.  In  a  sense,  we  are  all  on 
the  mission. 

Where  humans  are  different  from  the  machine  is  that  they  do 
make  judgments.  Computers  make  simple  judgments  right  now, 
but  humans  are  still  far  better  at  it.  When  that  will  change,  I  do 
not  know.  It  is  probablv  further  away  than  10  years,  but  we  have 
been  wrong  about  how  fast  things  are  moving  in  the  past. 
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If  you  travel  deeply  enough  into  the  solar  system,  then  the  time 
delay  just  by  the  speed  of  light  to  tiy  to  carry  out  telerobotics  prob- 
ably becomes  a  limiting  factor.  It  is  not  much  of  a  limitation  on 
Mars,  but  ultimately  I  suppose  it  could  be.  But  we  are  talking 
about  some  time  very,  very  far  in  the  future. 

We  need  to  solve  a  lot  of  problems  before  we  start  thinking  about 
those  things.  We  cannot  make  those  steps  yet. 

Dr.  Friedman.  Mr.  Chairman,  may  I  add  one  point  to  that? 

Senator  Rockefeller.  Please. 

Dr.  Friedman.  You  know,  if  we  all  just  stopped  right  now  and 
waited  50  years  and  then  decided  to  set  out  for  Mars,  these  ques- 
tions would  be  very  different.  The  technologies  are  changing  very 
fast  and  there  would  be  different  approaches  to  apply  in  robotic 
and  in  human  flight.  And  thus  we  might  sensibly  ask  the  question, 
why  do  this  now,  why  not  wait  50  years  and  then  we  would  better 
understand  this  debate  about  human  versus  robot  roles.  From 
some  larger  perspective  this  is  a  valid  point  of  view.  It  makes  no 
difference  to  Mars,  or  its  past  life  or  future  life,  whether  we  do  it 
now  or  then. 

But,  it  makes  a  difference  to  us,  right  here,  right  now.  It  mgikes 
a  difference  to  ourselves. 

I  think  a  society  that  explores  these  questions,  that  will  take 
some  fraction,  a  rather  small  fraction  of  its  resources,  to  conduct 
a  search  for  knowledge  and  to  explore  this  question  is  a  society 
that  is  growing  in  quality  of  life  and  is  achieving  more  for  its  citi- 
zens. I  would  rather  live  in  that  society  than  in  a  society  that  just 
stays  at  home  and  bases  its  way  of  life  and  growth  on  minimalls 
and  on  insurance  companies  banking  services  and  lawyer  work, 
without  ever  trying  to  achieve  any  new  destinies. 

It  really  is  a  question  about  ourselves  and  what  we  want  to  do 
for  ourselves,  rather  than  a  question  about  how  the  eventual  settle- 
ments on  Mars  will  turn  out. 

Senator  Rockefeller.  Let  me  ask,  by  necessity,  a  final  question 
of  both  of  you  gentlemen.  Dr.  Park,  I  guess  that  you  represent, 
what,  45,000  physicists? 

Dr.  Park.  Yes,  sir. 

Senator  Rockefeller.  I  am  not  a  man  of  science  and  I  do  not 
know  the  various  organizations  of  scientists  and  of  people  who  are 
interested  in  the  planets  and  outer  space  and  the  various  academic 
disciplines,  but  I  suspect  that  many  of  them  have  debated  this  mat- 
ter, certainly  informally,  and  many  of  them  formally,  and  many  of 
them  taking  positions  on  it. 

Can  you  kind  of  go  through,  to  the  extent  that  you  both  know, 
the  position  of  scientists  as  you  understand  them  with  respect  to 
the  space  station,  what  various  organizations  have  said  or  what 
you  know  them  to  feel? 

Dr.  Park.  Obviously,  I  cannot  speak  for  those  organizations. 

Senator  Rockefeller.  I  understand  that. 

Dr.  Park.  But  2  years  ago,  16  major  scientific  societies  signed  a 
statement  patterned  very  closely  after  the  American  Physical  Soci- 
ety's statement.  That  is,  that  there  is  no  scientific  justification  for 
a  manned  space  station  in  Earth  orbit.  That  included  the  American 
Chemical  Society,  the  American  Zoological  Society,  the  Geophysical 
Union,  and  many  other  major  societies. 
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Senator  Rockefeller.  Were  these  after  lengthy  debates? 

Dr.  Park.  Yes. 

Senator  Rockefeller.  And  so  there  presumably  were  dissenting 
views? 

Dr.  Park.  Of  course,  of  course.  This  was  a  statement  signed  by 
the  president  of  these  organizations,  and  those  presidents  signed 
that  statement  after  being  assured  that  that  was  some  sort  of  a 
consensus  view,  I  presume,  within  their  organizations.  But,  again, 
I  cannot  speak  for  the  procedures  carried  out  within  each  society. 

One  year  ago,  a  statement  was  signed  by  physical  societies  not 
only  in  the  United  States  but  in  all  of  the  nations  that  are  our 
partners  in  the  space  program — the  Europecin  Physical  Society,  the 
German  Physical  Society,  the  British  Institute  of  Physics,  the  Ca- 
nadian Association  of  Physicists,  the  Physical  Society  of  Japan.  The 
presidents  of  those  organizations  all  signed  that  statement,  again 
taking  essentially  the  same  position. 

Senator  Rockefeller.  Dr.  Friedman. 

Dr.  Friedman.  In  general  it  is  true  that  many  of  the  scientific 
societies  and  the  organized  scientific  communities  have  expressed 
themselves  against  the  space  station. 

But,  I  make  two  cautionary  remarks.  One  has  already  been 
made:  the  space  station  is  not  being  done  for  science  alone.  And 
even  the  types  of  science  the  space  station  is  generally  being  done 
for  are  not  the  types  that  are  well  represented  in  organized  soci- 
eties which  in  most  cases  have  existed  for  50  to  100  years,  and  are 
built  out  of  traditional  not  new  space  age  disciplines. 

Senator  Rockefeller.  That  is  an  incredibly  important  point,  be- 
cause if  you  had  not  said  that  I  could  have  left  those  who  are  lis- 
tening to  this  or  watching  it  with  the  impression  that  what  Dr. 
Park  was  saying  spoke  for  the  general  approach  to  the  space  sta- 
tion, and  you  clarified  that  situation.  That  is  not  the  case.  I  am 
very  grateful  to  you  for  that. 

Dr.  Friedman.  The  second  point  is — and  I  do  not  want  to  shock 
you  with  this — scientists  are  a  vested  interest.  They  get  Grovern- 
ment  money  for  their  research  and  development.  So,  we  have  to  be 
very,  very  careful,  I  think,  in  looking  at  who  among  representing 
organizations  is  for  and  who  is  against  the  space  station. 

For  example,  most  professional  engineering  organizations  in  the 
aerospace  field  are  enthusiastically  supportive  of  the  space  station. 
But  we  are  not  too  surprised  by  that.  Most  scientists  whose  dis- 
ciplines require  government  funding  outside  the  NASA  human 
space  flight  program  are  against  the  space  station.  We  should  not 
be  too  surprised  about  that  either. 

In  that  sense  we  should  look  carefully  at  the  lineup  of  organiza- 
tions on  both  sides  of  the  issue.  One  thing  I  think  about  our  organi- 
zation— the  Planetary  Society — is  that  we  do  not  represent  either 
scientists  or  engineers  or  any  other  vested  interest  group.  We  rep- 
resent citizens  who  are  just  interested  in  the  space  program.  That 
also  is  a  narrow  definition  because  when  you  join  the  Planetary  So- 
ciety it  is  because  you  are  interested  in  space.  So,  you  have  that 
interest — but  it  is  not  a  vested  interest. 

Senator  Rockefeller.  I  would  not  be  too  harsh  on  yourself.  I 
want  to  thank  both  of  you.  This  is  an  incredibly  important  subject. 
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The  fact  that  it  is  so  troubling  and  difficult  makes  your  testimony 
extremely  important. 

I  am  aeeply  grateful  to  you  for  coming  and  testifying,  and  this 
hearing  is  adjourned. 

[Whereupon,  at  4:55  p.m.,  the  hearing  was  adjourned.! 
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Questions  Asked  by  Senator  Burns  and  Answers  Thereto  by  Mr.  Goldin 

Question  1.  In  recent  years,  Space  Station  has  been  justified  on  the  basis  of  space 
exploration,  microgravity  and  liie  sciences,  commercial  spinofFs  and  other  possible 
benefits.  Does  the  redesign  option  picked  by  President  Clinton  on  June  17  satisfy 
the  original  goals  and  objectives  of  the  program?  What  in  your  view  is  the  one  pre- 
dominant justification  for  Space  Station? 

Answer.  The  purpose,  mission  and  objectives  of  the  Space  Station  remain  the 
same  today  as  tney  did  before  the  redesign  activity  was  initiated.  While  the  rede- 
signed Space  Station  will  be  a  simplified  version  of  the  original  Space  Station  Free- 
dom design,  it  will  remain  capable  of  meeting  the  established  goals  of  the  program. 
These  goals  are  as  follows: 

Purpose  Statement  (Why): 

•  The  most  basic  reason  for  building  a  Space  Station  is  to  explore  the  space  envi- 
ronment and  stimulate  scientific  and  technological  discoveries  that  will  benefit  the 
United  States  and  humanity. 

Mission  Statement  (What): 

•  The  Space  Station  will  provide  an  international  orbiting  research  facility  where 
people  live  and  word  safely  in  a  microgravity  environment. 

Omectives  (How): 

•  Perform  significant  long-duration  space  research  in  life  and  microgravity 
sciences 

•  Develop  the  technology  and  engineering  skills  for  building  and  operating  ad- 
vanced human  and  autonomous  space  systems 

•  Encourage  international  cooperation  in  science  and  technology 

•  Provide  opportunity  for  new  users,  particularly  industry  users,  to  conduct  ex- 
periments on  new,  commercially  relevant  products  and  processes 

•  Acquire  new  knowledge  regarding  the  feasibility  and  desirability  of  conducting 
human  scientific,  commercial  and  exploration  activities 

Question  2.  Some  have  said  that  if  the  U.S.  is  serious  about  manned  exploration 
of  space,  then  constructing  a  Space  Station  is  the  next  logical  step.  We  have  much 
more  to  learn  about  humans  anility  to  construct  complex  structures  m  space  and 
live  in  them  for  extended  periods.  Do  you  share  this  view? 

Answer.  Yes,  the  Space  Station  will  provide  valuable  experience  constructing, 
maintaining,  living  in,  and  working  in  complex  space  structures.  Redesign  Option 
A  wiU  reguire  16  Shuttle  Hights  to  construct  over  a  period  of  3  years.  The  on-orbit 
construction  will  require  use  of  extravehicular  activity  (EVA)  in  greater  amounts 
than  accomplished  on  previous  Shuttle  missions.  The  Shuttle  and  Space  Station 
robotic  aims  will  be  used  extensively  to  assist  the  astronauts  in  the  construction. 
Tests  done  aboard  previous  Shuttle  flights  have  used  these  capabilities  and  provided 
valuable  experience,  but  the  Space  Station  will  require  the  use  of  EVA  and  robotic 
activities  on  a  larger  scale.  The  upcoming  Hubble  Space  Telescope  repair  mission 
will  be  an  excellent  precursor  to  Station  assembly  and  maintenance  activities. 

In  addition  to  the  construction  of  the  Space  Station,  valuable  experience  will  be 
gained  in  the  area  of  on-orbit  maintenance  of  complex  systems.  The  external  ele- 
ments of  the  Space  Station  will  be  maintained  by  a  combination  of  EVA  and  robotic 
means.  Along  with  EVA  crew  members,  the  Shuttle  and  Space  Station  robotic  arms 
and  manipulators  will  be  used  where  possible  to  provide  scheduled  service.  Space 
Station  components  are  being  designed  to  allow  for  easier  maintenance  by  robotic 
means.  This  involves  designing  robot  friendly  attachment  devices  and  fasteners  as 
well  as  designing  flexible  human-computer  interfaces  for  control  of  the  robots.  EVA 
will  be  used  for  maintenance  activities  requiring  a  human  presence. 

Long  term  human  exposure  to  the  environment  of  space  will  also  provide  experi- 
ence needed  for  extended  manned  exploration  missions.  During  extended  periods  of 
weirfitlessness  the  human  body  goes  through  physiological  changes  such  as  reduced 
red  olood  cell  count  and  reduced  bone  mass.  Space  Station  will  allow  us  to  develop 
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and  test  countermeasures  to  these  as  well  as  other  effects  and  allow  for  longer  stays 
in  space.  These  longer  stays  will  be  necessary  for  manned  planetary  exploration  and 
colonization. 

Question  3.  Little  attention  has  been  paid  to  the  engineering  advances  that  Space 
Station  may  generate.  Space  Station  challenges  NASA  to  construct  an  extremely 
complex  structure  that  must  fiinction  almost  flawlessly  in  space  for  30  years.  Would 
you  shed  some  light  on  the  engineering  benefits  that  may  come  from  the  Space  Sta- 
tion? 

Answer.  Currently,  the  Space  Station  is  planning  for  a  life  of  ten  years  with  an 
option  for  an  additional  five.  Nevertheless,  the  station  will  pose  many  engineering 
challenges  to  develop  and  operate.  Space  Station  will  require  the  development  of 
onrbit  maintainable  systems  with  greater  reliability  and  capability  than  similar  sys- 
tems currently  on  the  Shuttle.  These  capabilities  include  adVances  in  Environmental 
Control  and  Life  Support  (ECLSS),  avionics,  structures,  robotics,  and  power.  Air  re- 
vitalization  and  water  recycling  capabilities  being  developed  for  the  Space  Station 
are  necessary  to  reduce  the  need  for  resupply  while  providing  a  test  bed  for  future 
mission  needs.  Guidance,  navigation  and  control  and  data  management  systems  will 
be  needed  that  make  the  station  less  dependent  on  ground  control  as  well  as  more 
reliable.  The  on-orbit  laboratory  and  cohabitation  facilities  will  be  flexible  in  order 
to  accommodate  a  variety  of  uses.  Use  of  robotics  will  reduce  required  EVA  time 
for  maintenance.  The  power  system  will  utUize  advanced  solar  cells  and  switching 
components.  In  addition,  ground  support  tmd  training  will  need  to  be  developed  that 
will  support  the  on-orbit  operations  of  the  station,  utilizing  the  Space  Station  as  a 
test  bed  for  operations  scenarios  of  other  advanced  missions. 

Some  specific  areas  of  technology  development  are: 

•  Improved  Manufacturing  Capabilities — The  use  of  intelligent  robots  could  help 
U.S.  manufacturers  compete  with  Japanese  and  European  industry.  NASA  is  at  the 
forefront  of  telerobotic  applications.  Elements  of  the  Space  Station  are  being  de- 
signed to  accommodate  roDotic  operations  which  may  result  in  development  of  more 
autonomous  systems  with  applications  in  agriculture,  industry  and  medicine.  Ad- 
vances in  robot  design  are  of^  great  interest  to  the  nuclear  and  oceanic  industries 
as  well.  Robotic  systems  to  be  used  on  the  Space  Station  are  lighter,  more  precise, 
and  more  Intelligent  than  anything  previously  flown.  The  development  of  robust  op- 
erator Interfaces  and  better  management  of  control  loop  time  delays  will  allow  re- 
motely operated  robots  to  do  more  work  in  less  tune,  with  greater  safety  and  reli- 
ability. A  filmless  x-ray  system  developed  for  the  Space  Station  to  lnsp>ect  welds 
faster,  safer,  and  with  greater  reliability  could  greatly  benefit  the  aerospace  indus- 
try and  nuclear  power  industry. 

•  Guidance,  Navigation,  &  Control — The  development  of  large,  energy  efficient 
control  moment  gyros  that  help  maintain  attitude  control  and  stability  oi  the  Space 
Station  will  be  used  to  maintain  attitude  control  of  U.S.  commercial  satellites. 

•  New  Structures  and  Materials — To  withstand  the  hostile  environment  of  space. 
Space  Station  materials  and  structures  must  be  extremely  reliable,  long  lived,  and 
relatively  light  weight.  Advanced  thermal  insulation,  electrical  cabling,  and  fluid 
plumbing  wUl  be  developed  to  withstand  the  temperature  extremes  in  space.  The 
new  materials  developed  for  Space  Station  applications  can  be  adapted  tor  use  in 
hostile  environments  on  Earth,  such  as  on  oceanic  oil  rigs.  Also,  new  materials  and 
special  coatings  that  protect  nonmetallic  substances  from  erosion  by  atomic  oxygen 
could  improve  the  techniques  used  to  build  satellites  and  orbital  platforms. 

•  Recyclable  Water  System  for  Commercial  Applications — The  Space  Station  pro- 
gram has  developed  a  system  that  can  recycle  almost  all  the  water,  including  ex- 
tracting the  impurities  from  sweat  and  unne,  making  it  safe  to  drink.  The  same 
technology  has  potential  on  Earth.  The  purification  techniques  developed  for  Space 
Station  could  result  in  methods  of  removing  contaminants  from  eflluents  now  affect- 
ing Earth  groundwater  supplies. 

•  Data  Management  System — The  Space  Station  program  is  developing  space- 
qualified  14-inch,  color  flat-panel  computer  and  video  displays  that  perform  better 
and  consume  less  power  than  cathode  ray  tubes.  The  program  has  developed  high- 
performance  fiber  optic  data  and  audio/video  networks  and  components.  These  com- 
ponents can  be  applied  to  payloads,  fiiture  satellites,  and  manned  spacecraft. 

•  Environmental  Control  &  Life  Support  System — Many  of  the  sensors  and  proc- 
ess technologies  being  developed  for  air  revitalization,  waste  recycling,  and  fire  de- 
tection systems  potentially  could  be  used  in  homes  and  offices  to  alleviate  the  "sick 
building''^  syndrome  in  which  carpet  adhesives  and-  other  chemicals  circulate  in  the 
air  and  trigger  allergic  reactions  or  present  other  threats  to  human  health.  Future 
spacecraft  and  submarine  designs  could  incorporate  these  technologies. 

•  Power  Generation  and  Management — The  Space  Station  program  will  advance 
state-of-the-art  power  generation  and  distribution  technologies.  The  next-generation 
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photo  voltaic  arrays  are  more  efficient  because  they  will  be  built  using  new  mate- 
rials, such  as  gallium  arsenide  for  selected  components,  and  with  new  techniques 
such  as  tandem  and  concentrator  cells.  Likewise,  the  development  of  high-current, 
fault-tolerant  switches  and  converters  are  expected  to  enhance  distribution  tech- 
niques. Besides  having  applications  on  future  spacecraft,  these  space  technologies 
will  advance  terrestrial  power  generation.  More  reliable  and  capable  pxjwer  manage- 
ment and  distribution  components  developed  for  Space  Station  can  also  be  trans- 
ferred to  conventional  aircraft  since  many  of  the  components  are  similar.  The  im- 
proved power  and  management  distribution  system  should  result  in  more  reliable 
aircraft. 

Question  4.  The  Report  of  the  Advisory  Committee  on  the  Redesign  of  the  Space 
Station  (the  "^est  Report")  suggested  that  the  Station  was  only  worthwhile  if  its 
goal  was  permanent  manned  capability  (i.e.,  a  Station  that  can  be  used  independent 
of  the  Space  Shuttle).  What  was  the  basis  for  that  finding?  What  is  your  assessment 
of  a  Station  that  does  not  go  beyond  the  Shuttle-tended  phase  (so  that  it  can  only 
be  used  when  the  Shuttle  is  docked)? 

Answer.  The  Vest  committee  recommendation  that  the  Station  is  only  worthwhile 
if  its  goal  is  permanent  human  capability  is  based  upon  the  assessment  of  the  Sta- 
tion Ifedesign  Team  (SRT).  In  its  final  report,  the  SRT  stated  that  the  quantity  and 
quality  of  data  generated  from  orbital  flignt  is  related  to  the  total  time  in  orbit,  par- 
ticularly in  the  biological  sciences,  but  for  some  material  sciences  and  biotechnology 
as  well.  The  SRT  asserted  that  in  order  to  fully  understand  the  biological  adaptation 
process,  exposures  exceeding  90  days  are  required.  It  further  stated  that  research 
in  electronic  and  photonic  crystal  growth  can  reauire  up  to  30  days  for  a  single  sam- 
ple, while  some  of  the  most  significant  tissue  culture  research  could  take  up  to  nine 
months. 

It  is  largely  because  of  the  above  reasons  that  the  SRT  stated  in  its  "Assessment 
Conclusions"  that  "It  is  apparent  from  the  assessment  data  that  the  Power  Station 
and  Human  Tended  CapaoiUty  configurations  do  not  provide  adequate  capability  to 
be  considered  as  final  station  configurations.  In  particular,  these  configurations  pre- 
clude critical  biological  research  which  contribute  to  the  extended  human  presence 
in  space  and  important  and  evolving  biotechnology  research.  These  phases  should 
continue  to  be  viewed  as  the  'stepping  stones'  to  the  final  configuration.  The  analy- 
sis of  overall  capabilities  should  tnereiore  be  based  on  the  Permanent  Human  Capa- 
bility configuration  for  each  option." 

NASA  supports  the  conclusions  reached  by  the  SRT  and  endorsed  by  the  Vest 
Committee  in  this  matter.  Perhaps  the  greatest  asset  that  the  Space  station  will 
provide  is  a  permanent  human  presence  in  the  unique  environment  of  space.  It  is 
only  with  the  longer  stay  times  in  orbit  that  a  space  station  allows  that  multiple 
iterations  of  experiments  under  changing  conditions  can  be  accommodated. 

Once  permanently  manned,  the  Space  Station  will  host  microgravity  science  ex- 
periments that  require  an  extended  human  presence  to  support.  As  a  specific  exam- 
ple, crystal  growth  in  materials  science  may  require  many  iterative  experiments  in 
order  to  determine  the  most  appropriate  conditions  to  develop  the  desired  crystals. 
Humans,  permanently  on  site,  developing  new  experiment  protocols  and  modifying 
conditions,  will  be  essential  for  ultimate  success. 

In  addition  to  microgravity  sciences,  life  sciences  experiments  wiU  be  conducted 
aboard  the  Space  Station,  including  experiments  in  biology,  biomedicine,  and  regen- 
erative life  suppx)rt.  This  research  will  provide  insists  into  human  physiology, 
allow  the  development  of  health  maintenance  procedures,  validate  microgravity 
countermeasures,  and  provide  a  test  bed  for  technologies  required  to  sustain  life  in 
the  harsh  environment  of  space.  Life  sciences  is  not  an  "event"  science  that  can 
yield  results  quickly,  but  relies  on  iteration  and  interaction. 

A  human-tended  space  station  is  not  likely  to  provide  enoudh  time  on  orbit  to 
study  effects  that  take  relatively  long  periods  of  time  to  develop.  For  example,  gravi- 
tational biologists,  both  plant  and  animal,  need  to  conduct  life  cycle  experiments  in 
order  to  begin  to  understand  gravity's  role  iii  affecting  biological  form  and  function. 
Information  is  needed  from  fertilization  through  differentiation  and  growth  to  matu- 
rity. We  have  essentially  no  information  on  these  processes  as  the  U.S.  experience 
to  date  has  consisted  primarily  of  sortie  or  excursion  missions  like  Apollo,  Skylab 
and  the  Space  Shuttle.  In  fact,  it  has  taken  twelve  years  for  the  Shuttle  to  accumu- 
late one  year  of  interrupted  time  in  orbit  in  which  substantially  less  capability  in 
terms  of  rack  volume,  power,  data  handling,  and  flexibility  are  available  to  the  pay- 
loads  than  will  be  available  on  the  Space  Station.  While  much  has  been  accom- 
plished in  that  year,  a  permanently  occupied  Space  Station,  with  its  more  abundant 
resources,  will  allow  experimenters  to  monitor  conditions  as  they  change,  trouble- 
shoot  when  problems  occur,  and  conduct  multiple  iterations  of  experiments,  modify- 
ing experiments  in  response  to  previous  results. 
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Scientists  and  engineers  engaged  in  research,  technology  development,  and  com- 
mercialization look  to  the  Space  Station  because  of  the  increased  on-orbit  opportuni- 
ties it  will  provide.  Interactive,  hands-on  repetition  is  the  hallmaric  of  successful  sci- 
entific progress  whether  it  is  directed  towards  basic  science  at  a  University  or  to- 
ward applied  science  in  a  conmiercial  technology  development  laboratory.  Aboard  a 
space  station  with  permanent  human  presence,  payloads  will  be  available  for  long 
periods  of  time,  allowing  for  the  kind  of  on-orbit  modification,  enhancement  and 
troubleshooting  that  womd  not  be  possible  with  the  shorter  on  orbit  time  intervals 
provided  by  a  human  tended  station. 

Question  5a.  The  Vest  Report  in  effect  recommended  Options  A  and  C,  the  two 
of  three  options  that  least  resembled  the  current  "Freedom"  desi^.  The  President 
selected  a  combination  of  Option  A  and  Option  B  (the  Freedom-denved  option). 

b.  Why  did  the  President  depart  from  the  Vest  recommendation  and  what  were 
the  reasons  for  his  selection? 

c.  How  does  the  Clinton  Plan  differ  from  the  "Freedom"  design? 

d.  To  the  extent  that  the  Clinton  redesign  is  basically  a  "summed-down"  version 
of  Freedom,"  why  is  it  that  NASA  did  not  come  up  witn  this  plan  on  its  own  (that 
is,  without  the  White  House  involvement)  earlier? 

e.  It  is  my  understanding  that  Option  Al  is  a  design  that  permits  far  less  future 
structural  growth  than  other  approaches  and  does  not  accommodate  the  inter- 
national partners  as  well.  Is  this  basically  true?  To  what  extent  will  the  final  Clin- 
ton plan  be  based  on  the  Al  model? 

Answer  5a.  While  it  is  true  that  Option  B  is  the  option  that  most  closely  resem- 
bles the  'Treedom"  design.  Option  A  also  closely  resembles  Freedom.  The  Option  B 
team  used  the  philosophy  that  since  the  design  was  mature,  changes  to  the  hard- 
ware should  be  avoided.  The  design  team  simplified  and  repackaged  Freedom  sys- 
tems and  elements  only  where  there  were  clear  cost,  assembly,  and  extravehicular 
activity  advantages.  Program  reductions  were  to  be  avoided.  Option  B  changed 
Space  Station  Freedom's  assembly  sequence,  deleted  a  truss  segment,  and  modified 
the  data  management  system  resulting  in  a  more  robust  architecture  for  station 
survival  and  greatly  simplified  verification.  Option  A  used  current  and  simplified 
Space  Station  Freedom  systems  where  cost  effective,  but  also  looked  at  the  potential 
use  of  non-Freedom  hardware  and  repackaged  and  simplified  elements  to  reduce 
overall  costs,  assembly  flights,  and  extravehicular  activity  wherever  possible.  This 
led  to  simplifications  in  the  areas  of  attitude  control  propulsion,  communications, 
thermal  control,  and  data  management.  Option  A  can  be  characterized  as  a  modular 
build-up,  similar  to  Freedom,  of  a  space  station  that  uses  nearly  80  p>ercent  of  the 
Freedom  design. 

Answer  b  &  c.  The  Vest  team  chose  Option  A  as  a  viable  option  because  it  al- 
lowed for  the  retention  of  a  large  part  of  the  already  developed  Freedom  desi^ 
while  making  prudent  changes  that  would  allow  for  less  EVA,  fewer  Shuttle  mis- 
sions and  lower  development  and  operations  costs.  President  Clinton  accepted  this 
option  for  the  Space  Station  program  but  added  that  NASA  may  examine  all  credi- 
ble technical  modifications  to  improve  the  design.  As  the  teams  needed  adequate 
time  to  cost  the  options,  the  designs  were  "frozen"  at  a  certain  point  to  assure  ade- 
quate time  to  complete  the  cost  evaluation  process.  Members  oi  the  redesign  team 
and  the  Vest  committee  felt  as  the  reports  were  being  generated,  that  it  may  be  pos- 
sible to  optimize  Option  A  by  bringing  in  selected  aspects  of  Options  B  and  C.  NASA 
will  evaluate  technical  modifications  to  Option  A  as  it  formulates  the  implementa- 
tion plan  for  the  redesigned  Space  Station.  Until  this  plan  is  complete,  it  will  not 
be  possible  to  provide  a  summary  of  the  differences  between  the  redesigned  Space 
Station  and  Space  Station  Freedom. 

Answer  5d.  Although  the  "Clinton  Redesign"  came  up  with  several  solutions  that 
were  not  previously  examined  by  the  Space  Station  Freedom  program,  some  of  the 
solutions,  including  management  streamlining,  were  already  identified  by  the  Space 
Station  Freedom  program.  In  December  of  1992  when  potential  cost  overruns  were 
brought  to  the  attention  of  Freedom  management,  options  were  investigated  to  sim- 

glify  hardware,  testing,  assembly,  and  management  to  bring  costs  under  control, 
arlier  in  1992,  a  plan  was  formulated  to  eUminate  at  least  one  level  of  manage- 
ment by  combining  levels  I  and  II  in  Reston  while  moving  many  level  II  functions 
to  the  field  centers.  As  the  President  was  formulating  the  Administration's  budget 
for  FY  1994  it  was  decided  that  a  greater  effort  was  needed  to  insure  that  the  Space 
Station  program  was  as  efficient  as  possible  and  reduce  outyear  costs.  The  redesign 
team  was  formed  to  get  the  broadest  range  of  views  possible  and  come  up  with  more 
substantial  savings.  This  team  was  given  the  charter  to  make  broader  changes  than 
previously  considered. 

Answer  5e.  Option  Al  does  not  permit  as  much  structural  growth  as  Options  A2 
or  B,  but  still  provides  substantial  flexibility.  Option  C  has  the  lowest  potential  for 
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structural  growth  of  any  of  the  options.  Option  Al  has  five  fewer  truss  segments 
than  Space  Station  Freedom,  while  Option  A2  has  three  fewer  and  Option  B  has 
one  less.  Because  Option  Al  uses  Bus  1  instead  of  propulsion  modules  and  guidance, 
navigation,  and  control  hardware,  it  does  not  require  as  many  truss  segments  as 
other  options  or  Freedom  and  maintains  roughly  the  same  capability  for  mounting 
external  payloads.  The  conunon  module  concept,  utilizing  the  node  and  segments  of 
the  lab  structure  allows  for  essentially  the  same  capability  for  accommodation  of 
habitation,  laboratory,  international,  and  logistics  modules  as  Option  B.  The  dif- 
ference for  Option  Al  and  A2  over  Option  6  is  the  orientation  of  the  pressurized 
modules.  Witn  the  exception  of  the  CJanadians,  the  international  partners  looked 
upon  Option  Al  very  favorably.  The  Canadian  reservation  had  to  do  with  concerns 
brought  about  by  the  elimination  of  the  Mobile  Transporter  and  packaging  of  equip- 
ment in  the  shortened  trusses.  Until  the  implementation  plan  is  complete,  we  will 
not  know  the  degree  to  which  Option  Al  is  incorporated  into  the  final  design. 

Question  6.  At  the  outset  of  tnis  redesign  exercise,  the  White  House  asked  for  op- 
tions within  three  cost  limit  targets — $5  oillion,  $7  billion,  and  $9  billion  from  FY 
1994  through  FY  1998.  The  Vest  Committee  determined  that  none  of  the  options 
looked  at  could  be  developed  within  those  cost  targets.  Why  is  it  that  the  cost  limits 
could  not  be  satisfied  and  how  much  could  have  been  done  within  those  limits? 

Answer.  Although  none  of  the  three  redesign  configurations  for  the  Permanent 
Human  Capability  (PHC)  phase  fall  within  the  budget  targ:ets  of  $5  billion,  $7  bil- 
lion, and  $9  billion  for  FY  1994  through  FY  1998,  the  redesign  options  do  offer  sub- 
stantial potential  savings  when  compared  to  the  existing  loaseline  Space  station 
Freedom  Program  projected  costs.  The  $5  to  $7  billion  cost  target  could  be  met  if 
Space  Station  assembly  is  halted  at  a  limited-capability  configuration  known  as  the 
"Power  Station."  The  Power  Station  allows  the  Shuttle  to  extend  its  time  on  orbit, 
but  does  not  provide  any  additional  pressurized  volume  for  utilization.  To  have 
achieved  the  cost  targets  at  PHC  for  either  Options  A  or  B  would  have  required 
major  alteration  of  their  assembly  plans,  which  would  exclude  the  on-orbit  installa- 
tion of  the  International  Partner's  modules. 

A  second  key  point  is  that,  unlike  previous  cost  estimates,  the  cost  targets  in- 
cluded funding  for  all  station  costs,  including  development,  operations,  institutional 
costs,  facilities,  user  support,  shuttle  integration  and  modifications,  science  payloads 
and  early  flight  research.  The  redesign  team,  through  extensive  cost  and  engineer- 
ing assessments,  concluded  that  the  three  options  represented  the  minimal  configu- 
rations that  could  meet  the  scientific  and  mission  requirements  of  the  Space  Station 
program. 

Question  7.  Option  C,  the  so-called  man-in-the-can,  was  the  cheapest  of  the  three 
options.  (It  cost  $11.9  billion  from  FY  1994  through  FY  1998).  Why  did  the  Presi- 
dent reject  Option  C? 

Answer.  Each  of  the  three  redesign  options  had  advantages  and  disadvantages. 
While  Option  C  did  represent  the  lowest  cost  of  the  three  options,  the  President  felt 
that  Option  A  made  maximum  use  of  investments  already  made.  NASA's  inter- 
nationm  partners  expressed  significant  concern  regarding  their  role  in  Option  C, 
and  a  portion  of  Canada's  contribution  was  not  included  in  the  final  Option  C  con- 
figuration. Additionally,  an  increase  in  Option  C  user  power  capability  requires  a 
tradeoff  in  the  microgravity  environment;  the  solar  arrays  do  not  track  the  sun  for 
power  generation,  so  the  station  position  required  for  optimum  power  significantly 
degrades  the  microgravity  environment  for  certain  experiments. 

Another  key  reason  for  rejecting  Option  C  was  the  lack  of  maximum  utilization 
of  existing  hardware.  Both  Options  A  and  B  draw  heavily  on  existing  hardware  and 
subsystems  designs,  while  Option  C  includes  only  47  percent  of  existing  subsystems 
designs.  This  point  was  emphasized  by  Dr.  John  Giboons,  who  stated  at  the  June 
17,  1993  House  VA-HUD-Independent  Agencies  Appropriations  Subcommittee  hear- 
ing that  Option  C  might  have  been  a  good  idea  if  we  were  starting  from  scratch 
with  the  program,  but  at  this  stage  it  is  important  to  use  the  already  expended  in- 
vestment in  Freedom. 

Question  8.  For  the  period  from  FY  1994  through  FY  1998,  Option  A  cost  $12.8 
biUion  and  Option  B  cost  $13.3  billion.  However,  the  Clinton  redesign,  which  com- 
bines Options  A  and  B,  is  estimated  by  the  White  House  to  cost  only  $10.5  billion 
during  that  same  period.  How  was  the  White  House  able  to  come  up  with  several 
additional  billions  of  dollars  in  cost  savings  when  NASA  and  the  Vest  Committee 
could  not? 

Answer.  When  making  the  decision  to  go  forward  with  the  Space  Station,  Presi- 
dent Clinton  chose  Option  A  with  enhancements.  The  President  established  a  budg- 
et level  for  the  next  five  years  of  $2.1  billion  per  year  for  a  total  of  $10.5  billion. 
For  the  period,  the  funding  level  is  below  the  Space  Station  Redesign  Team's  cost 
totals  by  $2.3  billion  for  Option  A  and  $2.8  billion  for  Option  B.  NASA  is  currently 
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devising  an  implementation  plan  that  wiU  address  the  technical  and  contractual 
changes  necessary  to  carry  out  the  program.  As  part  of  this  plan,  NASA  wiU  be  con- 
strained by  the  budget  allocated  for  Space  Station.  NASA  will  show  the  effect  on 
schedule  of  this  reduced  budget  level. 

Question  9.  Since  1984,  the  estimated  cost  of  Space  Station  "Freedom"  has  sky- 
rocketed from  $8  billion  to  more  than  $30  billion.  What  is  the  cost  of  the  Clinton 
redesign  through  the  "assembly  complete"  stage  and  how  reliable  is  the  cost  esti- 
mate? What  are  the  most  variable  elements  of  the  cost  fipires? 

Answer.  Comparing  the  original  $8  billion  Space  Station  cost  estimate  to  the  $30 
billion  cost  estimate  is  an  inequitable  comparison  because:  1)  the  original  1984  esti- 
mate represented  only  development  costs  while  the  $30  billion  estimate  represented 
development  and  other  program-related  costs  through  1999,  including  definition, 
Station  operations  through  1999,  construction  of  facilities,  transportation  and  as- 
sembly options,  civil  service  work  force  throurfi  1999,  Space  Shuttle  assembly 
flints  and  Shuttle  logistics/resupply/utilization  flights;  and  2)  the  original  estimate 
was  expressed  in  1984  dollars  while  the  $30  billion  estimate  was  expressed  in  Real- 
Year  dollars. 

The  cost  estimates  for  the  redesign  options  are  not  comparable  to  the  above  esti- 
mates because  they  represent  costs  beginning  in  FY  1994,  carried  through  Perma- 
nent Human  Capability  (PHC)  and  include  additional  Station-related  activities  such 
as  Station  payloads  and  Shuttle  integration.  Using  that  as  the  basis,  following  are 
the  SRT's  estimated  costs  for  Options  A  and  B:  Option  Al^^lT.O  billion;  Option 
A2— $16.5  billion;  and  Option  B— $19.3  billion. 

Per  White  House  direction,  NASA  is  currently  developing  an  implementation  plan 
for  the  redesigned  Space  Station,  which  wiU  include  new  budget  estimates  more  re- 
flective of  the  emerging  design,  which  is  Option  A  with  enhancements  from  Option 
B.  The  White  House  has  directed  NASA  to  report  to  it  by  September  7,  1993,  on 
this  matter.  NASA  will  share  this  information  with  Congress  as  soon  as  it  becomes 
available. 

NASA  shares  the  Congress'  concern  over  guaranteeing  the  credibility  of  the  Space 
Station  option  cost  estimates.  This  is  why  the  NASA  Administrator  directed  the 
SRT  to  ensure  that  each  option  had  credible  schedule  and  cost  estimates,  including 
specific  schedule  margins  and  appropriate  reserves  and  allowance  for  program  ad- 
justment. Additionally,  the  SRT  cost  estimates  for  Options  A  and  B  are  inherently 
more  reliable  than  cost  estimating  relationships  derived  from  traditional  aerospace 
cost  models  because  of  the  design  maturity  of  the  systems  and  software.  This  design 
maturity  enabled  the  SRT  to  use  the  adjusted  contractor  design  and  development 
estimates  for  equipment  at  the  subsystem  and  system  level  as  a  point  of  departure. 

Question  10.  Some  reports  have  indicated  that  the  bulk  of  expected  savings  wiU 
come  from  management  streamlining  and  reductions  in  NASA  and  contractor  em- 
ployees. How  does  NASA  plan  to  accomplish  this  downsizing? 

Answer.  While  some  of  the  Space  Station  program  savings  will  come  from  man- 
agement streamlining  and  reductions  in  NASA  and  contractor  employees,  exact 
plans  for  this  have  not  been  completed.  A  transition  plan  to  accomplish  the  manage- 
ment reduction  is  being  developed  within  NASA,  and  both  Congress  and  the  White 
House  will  be  informed  as  it  progresses. 

Question  11.  Japan,  Western  Europe,  Canada  have  already  spent  $2.5  biUion  on 
Space  Station-related  activities.  What  is  their  view  of  the  Clinton  redesign?  Do  you 
feel  it  is  important  to  accommodate  the  international  partners  in  order  to  secure 
their  commitment  to  future  "big  science"  efforts? 

Answer.  All  of  the  international  partners  were  fully  involved  in  the  redesign  proc- 
ess, and  each  was  consulted  during  each  stage  of  the  process.  All  partners  indicated 
their  continued  support  of  the  Space  Station  program  in  letters  sent  after  the  Presi- 
dent's announcement  to  support  Option  A  with  enhancements  from  Option  B. 

Inclusion  of  the  international  partners  is  a  critical  part  of  the  Space  Station  pro- 
gram. During  the  redesign,  each  of  them  expressed  concern  that  U.S.  failure  to  meet 
its  Space  Station  obligations  would  undermine  future  scientific  cooperation.  NASA 
shares  that  view. 

Question  12.  The  Vest  Committee  recommended  greater  cooperation  with  the 
Russians  in  the  Space  Station  program  as  a  way  of  decreasing  costs  and  increasing 
capabilities.  I  know  that  NASA  is  looking  at  the  Russian  "Soyuz"  as  an  escape  vehi- 
cle for  Space  Station.  What  are  some  of^the  other  ways  in  which  the  Russians  can 
become  more  of  a  partner  in  the  Space  Station  effort? 

Answer.  As  you  indicated,  the  Russian  Soyuz  has  been  studied  extensively  as  a 
potential  crew  escape  vehicle  for  the  Space  Station,  and  two  capsules  are  baselined 
in  all  three  redesigned  configurations.  Russian  launch  vehicles  that  have  been  eval- 
uated for  use  in  the  Space  Station  program  include  the  Soyuz  booster.  Proton  and 
Zenit.  The  Soyuz  is  the  only  man-ratea  booster  in  the  Russian  inventory,  and  the 
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Soyuz  and  Zenit  are  both  limited  to  launching  at  orbital  inclinations  of  51.6  degrees 
(compared  to  the  baselined  28.8  degree  inclination  of  the  Space  Station).  The  Proton 
is  capable  of  lifting  up  to  38,500  pounds  to  220  nautical  miles  at  51.6  degree  inclina- 
tions, and  is  capable  of  lifting  a  Soyuz  vehicle  or  Progress  transport  vehicle  to  incli- 
nations as  low  as  33  degrees. 

Other  Russian  hardware  that  has  been  evaluated  includes  an  automated  ren- 
dezvous and  docking  system,  environmental  control  and  life  support  systems,  and 
the  use  of  Mir  for  early  science  activities.  Additionally,  the  Russians  were  available 
for  consultation  by  the  redesign  team  on  an  as  needed  basis.  Discussions  regarding 
further  Russian  participation  in  the  Space  Station  program,  as  well  as  potentially 
related  issues,  such  as  the  selection  of  a  higher  orbital  inclination,  are  continuing, 
but  a  final  decision  has  not  been  made  yet 

Question  13.  The  Vest  Committee  found  there  was  an  overreliance  on  the  Shuttle 
in  all  of  the  options  and  recommended  use  of  U.S.,  Soviet  or  European  unmanned 
rockets  for  any  heayy-Uft  requirements.  What  would  be  the  cost  impact  if  this  rec- 
ommendation were  implemented  and  could  it  speed  up  the  assembly  schedule  (since 
unmanned  rockets  can  be  readied  more  quickly  than  the  manned  Shuttle  orbiters)? 

Answer.  Several  alternative  launch  options  are  being  studied  by  the  Space  Sta- 
tion Transition  Team,  including  the  use  of  Russian  launch  vehicles.  The  Transition 
Team  also  intends  to  study  the  use  of  ESA's  Ariane  5  for  logistics  support.  These 
issues  will  not  be  resolved  by  September  7,  but  a  status  report  will  be  mcluded  in 
the  Transition  Team  report  sent  to  the  Office  of  Science  and  Technology  Policy.  As 
a  result,  cost,  schedule,  and  assembly  impacts  are  not  yet  known. 

Question  14.  The  Vest  Committee  recommended  that  the  Space  Station  program 
be  overseen  by  one  of  the  three  current  prime  contractors — Boeing,  McDonnell 
Douglas,  and  Rockwell.  The  other  two  primes  (and  other  subcontractors)  would  then 
function  as  subcontractors  to  the  one  prime  contractor.  To  what  extent,  does  the 
White  House  intend  to  accept  this  recommendation  and  how  will  NASA  implement 
it? 

a.  The  Vest  Committee  recommended  that  the  prime  be  picked  in  a  non-competi- 
tive process.  However,  any  time  you  make  a  choice,  some  element  of  competition  is 
necessarily  involved.  What  process  and  criteria  will  NASA  use  to  pick  a  prime  con- 
tractor? 

b.  Will  the  Clinton  redesign  call  for  any  significant  change  in  the  individual  re- 
sponsibilities of  the  prime?  (Current  duties:  McDonnell  Douglas  (the  truss),  Boeing 
(the  modules),  and  Rocketdyne  (the  power  system). 

c.  Is  there  any  possibility  that  any  one  of  the  primes  could  be,  in  effect,  elimi- 
nated from  the  Space  Station  program  because  of  the  choice  of  a  particular  design? 
Wouldn't  it  be  unTair  to  the  contractor  and  its  employees  to  cut  them  out  of  the  pro- 
gram after  having  invested  nine  years  of  their  time  and  talent? 

Answer  14.  The  current  work  package  prime  contractors  include:  Boeing  (Woris 
Package  01);  McDonnell  Douglas  (Work  Package  02);  and  Rocketdyne,  Division  of 
Rockwell  (Work  Package  04). 

NASA  has  briefed  the  White  House  and  the  White  House  considers  the  Vest  Com- 
mittee recommendation  acceptable.  NASA  will  select  one  contractor  from  among  the 
Space  Station  contractors  to  be  the  single  prime  contractor.  The  non-selected  con- 
tractors will  be  assigned  as  subcontracts  to  the  single  prime.  Contractually,  NASA 
wiU  issue  a  modification  to  the  selected  contractor's  existing  contract  which  will  re- 
structure and  modify  the  content  to  recognize  the  contractors  new  role  as  the  single 
prime;  to  reflect  the  redesign  option  requirements;  and  to  assign  the  needed  sub- 
contracts. 

Answer  a.  NASA  has  developed  a  process  to  select  one  contractor  to  be  the  single 
prime  contractor  utilizing  certain  predetermined  selection  criteria.  This  process  is 
considered  to  be  very  sensitive  and  disclosing  any  specific  information  at  this  time 
concerning  this  process  will  jeopardize  the  selection  process. 

Answer  b.  There  is  no  planned  swapping  of  responsibilities  from  one  work  pack- 
age contractor  to  another.  The  primary  differences  between  the  current  baseline  and 
the  redesign  include:  (1)  contractors  may  be  required  to  modify  hardware  to  meet 
the  redesign  requirements,  if  needed;  (2)  contracts  may  be  assigned  to  the  selected 

f)rime  as  subcontracts;  and  (3)  the  selected  prime  contractor  will  assume  certain 
ead  integration  responsibilities. 

Answer  c.  The  President  selected  an  option  which  retains  hardware  from  all  three 
work  package  contractors.  However,  the  President  directed  NASA  to  streamline  the 
Space  Station  program.  Concurrent  with  this  direction.  Congress  intended  to  cut 
NASA's  Space  Station  budget  NASA  responded  by  conducting  a  redesign  activity  to 
determine  the  best  design  that  could  satisfy  these  constraints.  Unnecessary  effort 
may  be  terminated  to  meet  the  redesign.  The  Government  has  the  right  to  termi- 
nate contracts  for  convenience  if  it  is  considered  to  be  in  its  best  interests. 
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Question  15.  The  Administration  has  indicated  it  wants  to  streamline  the  Space 
Station  management.  What  forms  will  that  streamlining  take  and  will  it  include 
eliminating  NASA's  Space  Station  office  in  Reston,  Virginia?  How  will  the  Adminis- 
tration implement  the  Vest  recommendation  to  reduce  the  contractor  and  civil  serv- 
ice work  force  by  30  percent? 

Answer.  The  President  has  mandated  that  NASA  improve  and  streamline  the 
Space  Station  management  to  insure  the  success  of  the  program.  As  part  of  this  ef- 
fort, NASA  will  reduce  both  the  total  number  of  civil  service  and  contractor  employ- 
ees assigned  to  the  Space  Station  program  and  designate  a  single  prime  contractor. 
The  number  of  civil  service  employees  directly  supporting  the  program  will  be  re- 
duced from  approximately  2300  to  approximately  1000,  of  which  300-400  will  be  in 
the  program  omce.  This  office  will  be  located  at  a  single  "host"  center.  The  total  cost 
savings  due  to  these  changes  is  expected  to  be  on  the  order  of  $300  million  per  year. 

NASA  is  undertaking  an  effort  to  reduce  civil  service  personnel  to  meet  funding 
and  staff  reduction  targets  while  attempting  to  lessen  adverse  effects  on  the 
workforce  as  a  whole.  The  Agency  wants  to  meet  the  necessary  targets  while  keep- 
ing productivity  at  a  maximum.  Usually,  the  best  way  to  achieve  reductions  is 
through  voluntary  mechanisms  that  induce  and  motivate  employees  to  leave  the 
Agency.  To  this  end,  we  are  seeking  both  a  voluntary  early  out  authority  from  0PM, 
and  a  separation  incentive  pay  (commonly  referred  to  as  "buy-out")  for  voluntary 
separations  which  would  require  Congressional  approval.  The  early  out  authority 
from  0PM  would  enable  employees  who  are  considering  retirement  to  take  advan- 
tage of  the  opportunity  to  retire  from  the  civil  service  sooner  than  they  would  other- 
wise be  able  to  retire  (at  least  50  years  old  with  20  years  service,  or  with  25  years 
service  at  any  age).  The  separation  incentive  pay  could  be  offered  to  employees  retir- 
ing who  meet  normal  age  and  service  requirements,  to  employees  retiring  without 
meeting  normal  age  and  service  requirements,  or  to  employees  who  simply  choose 
to  resign.  The  Agency  could  also  manage  its  losses  by  choosmg  to  phase  the  offering 
of  these  incentives  so  that  only  those  losses  needed  are  achieved. 

Utilizing  the  flexibility  of  these  voluntary  measures  along  with  any  other  normal 
attrition  would  assist  the  Agency  in  reducing  the  number  oi  people  currently  on  the 
NASA  payroll.  Inducing  employees  to  leave  will  save  the  Agency  money.  Although 
an  employee  may  be  paid  up  to  a  $25,000  lump  sum  payment,  the  Agency  womd 
begin  to  achieve  immediate  savings  in  salary  and  benefits  payments  that  normally 
would  be  incurred  over  an  extended  period  of  time  while  the  Agency  waited  until 
employees  decided  to  retire  or  become  eligible  to  retire.  At  the  same  time,  other  em- 
ployees who  remain  with  the  Agency  and  who  possess  the  requisite  skills  may  be 
assigned  to  fill  new  positions  associated  with  current  mission  requirements  and 
planned  changes  in  the  procurement  methods  and  contract  management. 

The  costs  associated  with  other  means  of  reducing  the  workforce,  such  as  Reduc- 
tion in  Force  (RIF),  are  much  less  palatable  and  do  not  provide  the  flexibilities  need- 
ed to  manage  the  workforce.  Cost  savings  from  RIF  are  minimal  in  the  first  year 
due  to  payment  of  severance  pay  for  separated  employees.  The  Agency  has  approxi- 
mately 40(X)  employees  eligible  for  voluntary  retirement,  and  another  40(X)  employ- 
ees eligible  for  early  retirement.  The  termination  of  at  least  1200  employees  under 
RIF  processes  would  be  necessary  to  save  $25  million.  If  the  Agency  could  induce 
450-500  of  these  employees  to  leave  through  voluntary  incentives  and  measures,  in 
addition  to  the  1000  losses  already  planned  for  1994,  the  Agency  would  be  in  a  bet- 
ter posture  to  adjust  the  workforce  to  meet  the  redesign  of  Space  Station  while 
maintaining  emphasis  on  other  NASA  missions  including  science. 

Question  16.  The  other  day,  the  Shuttle  "Endeavor"  had  to  make  a  special  maneu- 
ver to  avoid  a  piece  of  space  debris  which  could  have  destroyed  the  spacecraft.  How 
significant  is  tne  problem  of  space  debris  and  what  steps  are  the  space-faring  na- 
tions taking  to  address  it?  How  vulnerable  would  Space  Station  be  to  space  debris 
risks? 

Answer.  Approximately  one  day  and  20  hours  into  the  mission,  the  planned  bum 
of  the  Shuttle  maneuvering  thrust«rs  had  to  be  delayed  approximately  one  hour  to 
avoid  violation  of  flight  rule  collision  constraints  which  pronibit  encountering  an  or- 
biting object  at  less  than  100  nautical  miles.  A  portion  of  a  Cosmos  rocket  body 
would  have  been  closer  had  the  maneuver  not  been  delayed.  The  delay  in  the  ma- 
neuver was  of  no  consequences  to  the  liquid  helium  transfer  experiment  for  which 
it  was  being  conducted  and  had  no  detrimental  effect  on  the  mission  as  a  whole. 
Because  objects  orbiting  the  Earth  are  tracked,  neither  the  vehicle  nor  the  crew  was 
in  danger  at  any  time  irom  this  piece  of  orbital  debris. 

Orbital  debris  has  become  a  greater  challenge  in  recent  years,  but  missions  are 
planned  accordingly.  Some  pieces  of  orbital  debris  larger  than  10  cm  are  tracked  by 
radar,  and  that  information  is  used  in  planning  and  conducting  space  missions. 
There  has  been  limited-success  in  tracking  orbital  debris  smaller  than  10  cm  and 
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mathematically  predicted  models  are  used  to  augment  mission  planning  and  oper- 
ations. Additionally,  NASA  is  coordinating  an  international  study  that  is  focusing 
on  technical  assessments  of  how  to  limit  the  generation  of  orbital  debris. 

Each  critical  element  of  the  Space  Station  will  be  designed  with  shielding  to  en- 
sure a  .9955  probability  of  no  failure  due  to  an  orbital  debris  or  micrometeoroid 
strike  that  would  endanger  the  crew  or  mission  for  ten  years.  This  standard  is  more 
difficult  to  meet  than  for  anv  previous  space  program  due  to  unique  attributes  of 
the  Space  Station,  including  long  duration,  larger  total  exposed  area,  and  larger  de- 
bris population.  Additionally,  Space  Station  shielding  wiU  be  designed  for  augmenta- 
tion should  additional  protection  be  necessary.  Furthermore,  as  a  precaution  against 
the  unlikely  event  of  actual  penetration  of  a  pressurized  vessel,  tne  systems  wiU  be 
designed  to  ensure  adequate  time  for  crew  members  to  reach  a  "safe  haven." 

The  Space  Station  Redesign  Team  did  identify  some  additional  issues  associated 
with  orbital  debris.  Additional  shielding  may  be  necessary,  and  further  cost  and  risk 
analyses  are  currently  underway. 

Question  17.  What  is  the  overall  scientific  value  of  the  space  station?  What  are 
the  scientific  benefits  of  the  space  station  in  microgravity  and  materials  research 
and  life  sciences  (effects  of  spaceflight  on  humans);  engineering  and  space  explo- 
ration. 

Answer.  The  Space  Station  will  provide  the  opportunity  to  gain  important  knowl- 
edge relevant  to  everyday  life  on  Earth.  Researcners  from  universities,  industry  and 
the  government  will  use  the  unique  characteristics  of  the  space  environment  to 
study  issues  in  fields  such  as  biology  £ind  human  physiology,  medical  science,  im- 
prove industrial  processing  techniques,  and  pave  the  way  for  future  long-duration 
space  missions. 

Microgravity  scientists  will  use  the  Space  Station  to  study  the  role  of  gravity  in 
important  physical  and  chemical  processes. 

The  Space  Station  will  be  an  unparalleled  laboratory  to  perform  significant  long- 
duration  space  research  in  microgravity  science  and  technology.  Researchers  will 
use  space  stations  unique  capabilities  to  explore  phenomena  and  processes  that  are 
diflicult  or  impossible  to  study  on  Earth  and  to  develop  knowledge,  techniaues,  and 
technologies  for  use  by  scientists  and  engineers  in  industry,  academia  ana  govern- 
ment. 

NASA's  Microgravity  Science  and  Applications  program  uses  micro  gravity — the 
low-gravity  environment  found  in  orbiting  spacecraft-to  test  fundamental  scientific 
theories,  build  scientific  understanding,  and  develop  techniques  to  change  the  way 
research  is  conducted  on  Earth.  NASA  will  sponsor  space  station  experiments  to 
study  the  effects  of  microgravity  in  four  researcn  areas: 

FLUID  PHYSICS:  Understanding  the  physics  of  gas  and  liquid  behavior. 

Fluid  physics  researchers  seek  accurate  predications  of  how  heat  and  mass  are 
transported  in  mixtures  of  fluids  and  vapor,  and  between  fluids  and  solid  surfaces. 
Space  station  research  may  generate  knowledge  of  fluid  behavior  that  can  be  used 
to  improve  production  of  technologically  important  materials,  and  may  form  the 
basis  for  new  designs  for  space  hardware. 

BIOTECHNOLOGY:  Growth  of  improved  protein  crystals  to  understand  protein 
function,  cell  culturing  studies. 

Protein  crystal  growth  experiments  will  provide  data  on  the  physical  forces  that 
disrupt  protein  crystal  growth  on  Earth,  and  may  lead  to  improvements  in  protein 
crystal  growth  technology,  and  advances  in  pharmaceutical  drug  development,  agri- 
culture, and  basic  medical  science. 

Long-duration  experiments  in  tissue  culturing  on  space  station  can  help  scientists 
develop  model  tissue  systems  for  evaluating  cancer  drugs. 

MATERIALS  SCIENCE:  Improvements  in  technologicaDy  important  materials. 

Space  station  research  will  help  scientists  refine  our  understanding  of  subtle 
forces  found  in  industrial  processing  techniques  that  are  normally  masked  by  grav- 
ity. This  knowledge  could  lead  to  new  technologies  and  improvements  in  industrial 
production. 

C0MBUSTI0N:In8irfit8  into  fundamental  combustion  problems. 

Fundamental  knowledge  of  the  effects  of  gravity  on  combustion  may  be  used  to 
improve  the  efficiency  of  everyday  devices  such  as  mmaces. 

Microgravity  combustion  researchers  seek  insight  into  aspects  of  combustion  be- 
havior (such  as  fire  spreading  rates)  that  affect  fire  safety  in  spacecraft. 

Life  Scientists  will  use  the  Space  Station  to  study  the  effects  of  the  space  environ- 
ment on  living  systems. 

Research  on  the  space  station  will  provide  fundamental  knowledge  for  use  in  the 
biological  sciences  and  in  medical  research,  and  will  be  used  to  develop  techniques 
for  counteracting  the  effects  of  the  space  environment,  ensuring  the  health  and  pro- 
ductivity of  astronauts. 
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NASA's  interest  in  the  Life  and  Biomedical  Sciences  has  existed  since  the  begin- 
ning of  human  space  flight.  The  Skylab  program  provided  the  first  detailed  knowl- 
edge of  how  the  Dody  is  affected  by  spaceflight.  Subsequent  research  on  the  Space 
Shuttle  suggests  similarities  between  the  effects  of  spaceflight  on  astronauts  and 
processes  of  aging  and  disease  affecting  people  on  Earth.  NASA's  Life  and  Bio- 
medical Science  Applications  program  will  sponsor  space  station  experiments  in  five 
research  areas: 

GRAVITATIONAL  BIOLOGY:  Understanding  cells,  plants,  and  animals. 

Planet  research  on  space  station  will  focus  on  understanding  the  role  of  gravity 
in  plant  metabolism,  development,  and  reproduction.  This  research  may  lead  to  new 
methods  to  manipulate  ana  exploit  the  effects  of  gravity  in  growth,  development, 
and  biochemical  structure  to  make  new  plants  and  modify  plant  products. 

SPACE  PHYSIOLOGY:  Understanding  human  health  and  performance. 

Space  Station  research  may  improve  our  understanding  of  the  causes  of  bone  loss 
in  astronauts,  and  may  provide  msight  into  techniques  for  treating  or  preventing 
osteoporosis. 

NASA  studies  muscle  loss  during  spaceflight,  which  is  similar  to  muscle  loss  expe- 
rienced by  the  elderly  and  the  bedridden.  Nutrition  plans,  drugs,  and  exercise  and 
strength  training  techniques  developed  for  use  in  space  station  may  be  used  to  im- 
prove the  quality  of  life  for  the  elderly  on  Earth. 

NASA's  research  program  provides  fundamental  data  on  how  the  cardiovascular 
system  functions.  Fundamental  knowledge  from  space  research  will  be  applied  to 
understanding  and  treating  cardiovascular  and  caroiopulmonary  diseases  that  affect 
millions  of  Americans. 

ENVIRONMENTAL  HEALTH:  Insight  into  the  effects  of  closed  environments  on 
human  health. 

NASA  studies  the  effects  of  closed  spacecraft  environments  on  the  health  and 
well-being  of  astronauts.  Scientific  knowledge  and  technologies  from  space  station 
research  will  be  used  to  enhance  the  productivity  of  future  space  missions. 

SPACE  RADIATION  HEALTH:  Understanding  the  effects  of  radiation  on  living 
organisms. 

NASA  sponsors  a  comprehensive  program  of  basic  and  applied  research  to  study 
the  effects  of  radiation  and  the  technologies  to  reduce  radiation  risk  in  space  and 
on  Earth. 

ADVANCED  LIFE  SUPPORT/HUMAN  FACTORS:  New  technologies  to  support 
human  Ufe  in  space. 

New  life  support  technologies  developed  for  use  on  space  station-sensors,  bio- 
technology, environmental  monitors  waste  processors,  air  regenerators,  water  puri- 
fiers andheat  regulators,  may  have  application  on  Earth. 


QuEsrrioNS  Asked  by  Senator  Burns  and  Answers  Thereto  by  Dr.  Vest 

GOALS  AND  PRIORITIES 

Question  1.  In  recent  years,  Space  Station  has  been  justified  on  the  basis  of  space 
exploration,  microgravity  and  Ufe  sciences,  commercial  spin-offs  and  other  possible 
benefits.  Does  the  redesign  option  picked  by  President  Clinton  on  June  17  satisfy 
the  original  goals  and  objectives  of  the  program?  What  in  your  view  is  the  one  pre- 
dominant justification  for  Space  Station: 

Answer.  There  is  some  reduction  in  capacity,  but  in  general  the  redesigned  space 
station  satisfies  the  stated  goals  and  objectives.  Our  committee  presented  you  with 
tables  quantifying  the  capabilities  of  each  of  the  options.  As  a  purely  personal  opin- 
ion, I  believe  that  the  predominant  justification  for  a  space  station  is  three-fold: 
learning  the  effects  and  countermeasures  for  long-duration  residence  of  humans  in 
space,  conducting  technological  research  and  development,  and  maintaining 
progress  in  space  exploration. 

Question  2.  Some  have  said  that  if  the  U.S.  is  serious  about  manned  exploration 
of  space,  then  constructing  a  Space  Station  is  the  next  logical  step.  We  have  much 
more  to  learn  about  humans'  ability  to  construct  complex  structures  in  space  and 
live  in  them  for  extended  periods.  Do  you  share  this  view? 

Answer.  We  cannot  contemplate  a  mission  to  the  planets  without  learning  more 
about  the  effects  of  long  duration  human  presence  in  low  gravity  and  how  to  counter 
it.  Construction  of  a  space  station  would  provide  much  new  experience  and  knowl- 
edge about  the  construction  and  operation  of  complex  structures  in  space. 

Question  3.  Little  attention  has  been  paid  to  the  engineering  advances  that  Space 
Station  may  generate.  Space  Station  cnallenges  NASA  to  construct  an  extremely 
complex  structure  that  must  function  almost  flawlessly  in  space  for  30  years.  Would 
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you  shed  some  light  on  the  engineering  benefits  that  may  come  from  the  Space  Sta- 
tion? 

Answer.  As  I  have  testified,  the  engineering  and  technological  research  and  devel- 
opment associated  with  such  a  project  should  be  viewed  as  having  importance,  just 
as  does  basic  scientific  research.  Some  examples  of  the  kinds  of  knowledge  to  be 
gained  are  (1)  the  behavior  of  materials  and  tne  dynamics  of  complex  structures  in 
a  space  environment  and  (2)  the  development  of  closed-loop  water  systems  and  air 
systems  to  sustain  life  for  long  periods  of  time. 

Question  4.  The  Report  of  the  Advisory  Committee  on  the  Redesign  of  the  Space 
Station  (the  "Vest  Report")  suggested  that  the  Station  was  worthwhile  only  if  its 
goal  was  permanent  manned  capability  (i.e.,  a  Station  that  can  be  used  independent 
of  the  Space  Shuttle).  What  was  the  basis  for  that  finding?  What  is  your  assessment 
of  a  Station  that  does  not  go  beyond  the  Shuttle-tended  phase  (so  that  it  can  only 
be  used  when  the  Shuttle  is  docked)? 

Answer.  Research  to  be  done  on  a  space  station  can  be  justified  only  on  the 
grounds  of  what  is  unique  about  a  station — namely,  things  that  require  long  dura- 
tion in  space  with  human  interaction.  Experiments  can  be  conducted  on  a  human- 
tended  phase  station  only  for  periods  up  to  about  25  or  30  days.  Furthermore,  reach- 
ing human-tended  phase  requires  expenditure  of  well  over  50  percent  of  the  cost  of 
going  to  permanent  human  presence  while  producing  much  less  than  50  percent  of 
the  capability. 

Question  5.  The  Vest  Report  in  effect  recommended  Options  A  and  C,  the  two  of 
three  options  that  least  resembled  the  current  Freedom  design.  The  President  se- 
lected a  combination  of  Option  A  and  Option  B  (the  Freedom-derived  option).  Why 
did  the  President  depart  from  the  Vest  recommendation  and  what  were  the  reasons 
for  his  selection? 

Answer.  I  am  not  privy  to  the  President's  reasons  for  further  modifying  Option 
A. 

a.  How  does  the  Clinton  plan  difTer  from  the  Freedom  design? 

Answer  a.  I  do  not  know  what  modifications  to  Option  A  uie  Clinton  Administra- 
tion intends. 

6.  To  the  extent  that  the  Clinton  redesign  is  basically  a  "slimmed-down"  version 
of  Freedom,  why  is  it  that  NASA  did  not  come  up  with  this  plan  on  its  own  (that 
is,  without  the  White  House  involvement)  earlier? 

Answer  b.  The  question  of  why  NASA  did  not  evolve  this  plan  prior  to  the  White 
House  request  is  properly  directed  to  the  NASA  Administrator;  I  have  no  basis  on 
which  to  answer  this  question. 

c.  It  is  my  understanding  that  Option  Al  is  a  design  that  permits  far  less  future 
structural  growth  than  other  approaches  and  does  not  accommodate  the  inter- 
national partners  as  well.  Is  this  basically  true?  To  what  extent  will  the  final  Clin- 
ton plan  be  based  on  the  Al  model? 

Answer  c.  I  have  no  basis  on  which  to  answer  this  question. 

Question  6.  At  the  outset  of  this  redesign  exercise,  the  White  House  asked  for  op- 
tions within  three  cost  limit  targets — $5  billion,  $7  billion,  and  $9  billion  from  FY94 
throurfi  FY98.  The  Vest  Committee  determined  that  none  of  the  options  looked  at 
could  De  developed  within  those  cost  targets.  Why  is  it  that  the  cost  limits  could 
not  be  satisfied  and  how  much  could  have  been  done  within  those  cost  limits? 

Answer.  The  redesign  team  believed  that  it  would  be  unable  to  design  against  a 
cost  figure.  Rather,  it  decided  to  pursue  three  options  that  were  different  in  concept, 
each  of  which  would  be  smaller  and  simpler  than  Feedom,  streamline  the  manage- 
ment and  acquisition  systems,  and  see  what  cost  envelopes  they  could  fit  into.  The 
Advisory  Committee  believed  this  to  be  an  appropriate  approach.  The  fact  that  the 
cost  of  each  exceeds  the  desired  targets,  despite  the  differences  in  approach,  gives 
a  good  degree  of  confidence  that  the  project  goals  and  objectives  cannot  oe  met  with- 
in the  hoped-for  expenditure  limits. 

Question  7.  Option  C,  the  so-called  man-in-the-can,  was  the  cheapest  of  the  three 
options.  (It  cost  $11.9  billion  from  FY94  through  FY98).  Why  did  the  President  re- 
ject Option  C? 

Answer.  I  have  no  basis  on  which  to  answer  this  question. 

Question  8.  For  the  period  from  FY94  through  FY98,  Option  A  cost  $12.8  billion 
and  Option  B  cost  $13.3  billion.  However,  the  Clinton  redesign,  which  combines  Op- 
tions A  and  B  is  estimated  by  the  White  House  to  cost  only  $10.5  billion  during  that 
same  period.  How  was  the  White  House  able  to  come  up  with  several  additional  bil- 
lions of  dollars  in  cost  savings  when  NASA  and  the  Vest  Committee  could  not? 

Answer.  I  have  no  basis  on  which  to  answer  this  question. 

Question  9.  Since  1984,  the  estimated  cost  of  Space  Station  Freelom  has  sky- 
rocketed from  $8  billion  to  more  than  $30  billion.  What  is  the  cost  of  the  Clinton 
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redesign  through  the  "assembly  complete"  stage  and  how  reliable  is  the  cost  esti- 
mate? What  are  the  most  variable  elements  of  the  cost  figures? 

Answer.  I  have  no  basis  on  which  to  answer  this  question. 

Question  10.  Some  reports  have  indicated  that  the  bulk  of  expected  savings  will 
come  from  management  streamlining  and  reductions  in  NASA  and  contractor  em- 
ployees. How  does  NASA  plan  to  accomplish  this  downsizing? 

Answer.  This  is  a  question  for  the  Administration. 

INTERNATIONAL  PARTNERS 

Question  11.  Japan,  Western  Europe,  Canada  have  already  spent  $2.5  billion  on 
Space  Station-related  activities.  What  is  their  view  of  the  Clinton  redesign?  Do  you 
feel  it  is  important  to  accommodate  the  international  partners  in  order  to  secure 
their  commitment  to  future  "big  science"  efforts? 

Answer.  I  believe  it  is  important  to  conduct  large  projects  on  an  increasingly 
international  basis. 

Question  12.  The  Vest  Committee  recommended  greater  cooperation  with  the 
Russians  in  the  Space  Station  program  as  a  way  of  decreasing  costs  and  increase 
capabilities.  I  know  that  NASA  is  looking  at  the  Russian  Soyuz  as  an  escape  vehicle 
for  Space  Station.  What  are  some  other  ways  in  which  the  Russians  can  become 
more  of  a  partner  in  the  Space  Station  effort? 

Answer.  We  suggested  consideration  of  using  Russian  launch  vehicles  for  the 
Soyuz  and  for  some  of  the  heavier  station  components.  Presumably,  the  Russians 
could  provide  some  specific  components  for  the  station. 

SHUTTLE  USAGE 

Question  13.  The  Vest  Committee  found  there  was  an  overreliance  on  the  Shuttle 
in  all  of  the  options  and  recommended  use  of  U.S.,  Soviet,  or  European  unmanned 
rockets  for  any  heavy-lift  requirements.  What  would  be  the  cost  impact  if  this  rec- 
onunendation  were  implemented  and  could  it  speed  up  the  assembly  schedule  (since 
unmanned  rockets  can  be  readied  more  quickly  than  the  manned  shuttle  orbiters)? 

Answer.  I  must  defer  to  the  Administration  for  these  details. 

CONTRACTOR  REALIGNMENT/MANAGEMENT 

Question  14.  The  Vest  Committee  recommended  that  the  Space  Station  program 
be  overseen  by  one  of  the  three  current  prime  contractors — Boeing,  McDonnell 
Douglas,  and  Rockwell.  The  other  two  primes  (and  other  subcontractors)  would  then 
function  as  subcontractors  to  the  one  prime  contractor.  To  what  extent,  does  the 
White  House  intend  to  accept  this  recommendation  and  how  will  NASA  implement 
it?  The  Vest  Committee  recommended  that  the  prime  be  picked  in  a  non-competitive 
process.  However,  any  time  you  make  a  choice,  some  element  of  competition  is  nec- 
essarily involved. 

a.  What  process  and  criteria  will  NASA  use  to  pick  a  prime  contractor? 

h.  Will  the  Clinton  redesign  call  for  any  significant  change  in  the  individual  re- 
sponsibilities of  the  primes?  [Current  duties:  McDonnell  Douglas  (the  truss),  Boeing 
(the  modules),  and  Rockwell  (the  power  system).] 

d.  Is  there  any  possibility  that  any  one  of  the  primes  could  be,  in  effect,  elimi- 
nated from  the  Space  Station  program  because  of  the  choice  of  a  particular  design? 
Wouldn't  it  be  unfair  to  the  contractor  and  its  employees  to  cut  them  out  of  the  pro- 
gram after  having  invested  nine  years  of  their  time  and  talent? 

Answer.  I  have  no  basis  on  which  to  answer  this  set  of  questions. 

Question  15.  The  Administration  has  indicated  it  wants  to  streamline  the  Space 
Station  management.  What  forms  will  that  streamlining  take  and  will  it  include 
eliminating  NASA's  Space  Station  office  in  Reston,  Virginia?  How  wUl  the  Adminis- 
tration implement  the  Vest  recommendation  to  reduce  the  contractor  and  civil  serv- 
ice workforce  by  30  percent? 

Answer.  I  have  no  basis  on  which  to  answer  this  question. 

SPACE  DEBRIS 

Question  16.  The  other  day,  the  Shuttle  Endeavor  had  to  make  a  special  maneu- 
ver to  avoid  space  debris  which  could  have  destroyed  the  spacecraft.  How  significant 
is  the  problem  of  space  debris  and  what  steps  are  the  space-faring  nations  taking 
to  address  it?  How  vulnerable  would  Space  Station  be  to  space  debris  risks? 

Answer.  This  question  should  be  addressed  to  NASA. 
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SCIENTIFIC  CONTENT 


Question  17.  There  has  been  an  ongoing  debate  about  the  scientific  value  of  the 
Space  Station.  At  our  recent  science  policy  hearing,  Dr.  Frank  Press,  the  former 
head  of  the  National  Academy  of  Sciences  testified:  "The  primary  purpose  of  the 
space  station  is  human  survival  in  space  for  the  exploration  of  the  planets.  That  is, 
we  do  not  need  the  space  station  to  ao  science.  Unmanned  spacecraft  can  do  science 
very  well."  What  is  the  overall  scientific  value  of  the  Space  Station? 

Answer.  I  agree  that  the  primary  scientific  value  has  to  do  with  the  effects  of  long 
duration  space  fli^t  on  humans. 

a.  What  are  the  scientific  benefits  of  the  Space  Station  in  microgravity  and  mate- 
rials research,  life  sciences  (effects  of  space  flight  on  humans),  engineering,  and 
space  exploration? 

Answer  a.  We  cannot  determine  the  viability  of  planning  flights  to  Mars  or  be- 
yond without  data  on  effects  on  humans  of  long  duration  in  space  and  measures  to 
counter  them.  We  will  also  gain  valuable  knowledge  of  engineering  and  technology 
of  large,  complex  space  systems  throudi  building  and  operating  a  space  station. 

b.  I  am  particularly  interested  in  tne  potential  biomedical  spin-offs  of  the  Space 
Station.  I  know  pacemakers,  artificial  hips,  and  other  medical  breakthroughs  were 
indirect  spin-offs  of  the  space  program.  What  are  some  of  the  potential  biomedical 
advances  you  envision  coming  out  of  the  Space  Station  program/ 

Answer  b.  This  must  be  addressed  by  someone  with  specific  expertise  in  the  bio- 
medical sciences.  FVediction  of  scientific  results  is  rarely  possible. 


Questions  Asked  by  Senator  Burns  and  Answers  Thereto  by  Dr.  Friedman 

cx)als  and  priorities 

Question  1.  In  recent  years,  Space  Station  has  been  justified  on  the  basis  of  space 
exploration,  microgravity  and  life  sciences,  commercial  spinoffs  and  other  possible 
benefits.  Does  the  redesign  option  picked  by  President  Clinton  on  June  17  satisfy 
the  original  goals  and  objectives  of  the  program?  What  in  your  view  is  the  one  pre- 
dominant justification  for  Space  Stations 

Answer.  The  space  station  is  only  justified  for  development  of  human  activities 
in  space.  Such  activity  is  only  worth  the  risk  and  cost  when  human  presence  is 
unique  and  when  the  gain  is  worth  it — and  that  is  only  when  we  are  sending  hu- 
mans to  explore  new  worlds.  If  we  do  not  wish  to  do  that,  we  should  not  develop 
a  human  occupied  space  station. 

Question  2.  Some  have  said  that  if  the  U.S.  is  serious  about  manned  exploration 
of  space,  then  constructing  a  Space  Station  is  the  next  logical  step.  We  have  much 
more  to  learn  about  humans'  ability  to  construct  complex  structures  in  space  and 
live  in  them  for  extended  periods.  Do  you  share  this  view? 

Answer.  Yes — if  humans  are  to  explore  in  the  future,  then  a  space  station  is  log- 
ical. But  what  it  does,  and  what  it  is,  must  fit  the  goal. 

Question  3.  Little  attention  has  been  paid  to  the  engineering  advances  that  Space 
Station  may  generate.  Space  Station  cnallenges  NASA  to  construct  an  extremely 
complex  structure  that  must  function  almost  flawlessly  in  space  for  30  years.  Would 
you  shed  some  light  on  the  engineering  benefits  that  may  come  from  the  Space  Sta- 
tion? 

Answer.  The  engineering  benefits  of  a  space  station  come  primarily  in  developing 
capabilities  for  working  in  space;  not  for  woiking  on  Earth. 

Question  4.  The  Report  oi  the  Advisory  Committee  on  the  Redesign  of  the  Space 
Station  (the  "Vest  Report")  suggested  that  the  Station  was  only  worthwhile  if  its 
goal  was  permanent  manned  capability  (i.e.,  a  Station  that  can  be  used  independent 
of  the  Space  Shuttle).  What  was  the  basis  for  that  finding?  What  is  your  assessment 
of  a  Station  that  does  not  go  beyond  the  Shuttle-tended  phase  (so  that  it  can  only 
be  used  when  the  Shuttle  is  docked)? 

Answer.  I  am  not  sure  that  a  crew-tended  facility  would  not  be  just  as  valuable 
and  cost  less.  Mir  is  permanently  occupied  and  could  be  used  by  all  the  inter- 
national partners  as  the  base  for  human  presence.  A  U.S.  station  which  was  occa- 
sionally occupied  and  then  unoccupied  for  robotic  experiments  might  be  a  better  in- 
vestment. 

Question  5.  The  Vest  Report  in  effect  recommended  (Dptions  A  and  C,the  two  of 
three  options  that  least  resembled  the  current  Treedom  design.  The  President  se- 
lected a  combination  of  Option  A  and  Option  B  (the  Freedom-derived  option). 

a.  Why  did  the  President  depart  from  the  Vest  recommendation  and  what  were 
the  reasons  for  his  selection? 

b.  How  does  the  Clinton  plan  differ  from  the  "Freedom"  design? 
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c.  To  the  extent  that  the  Clinton  redesign  is  basically  a  "slimmed-down"  version 
of  'Treedom,"  whv  is  it  that  NASA  did  not  come  up  with  this  plan  on  its  own  (that 
is,  without  the  White  House  involvement)  earlier? 

d.  It  is  my  understanding  that  Option  Al  is  a  design  that  permits  far  less  future 
structural  growth  than  other  approaches  and  does  not  accommodate  the  inter- 
national partners  as  well.  Is  this  basically  true?  To  what  extent  will  the  final  Clin- 
ton plan  be  based  on  the  Al  model? 

Question  6.  At  the  outset  of  this  redesign  exercise,  the  White  House  asked  for  op- 
tions within  three  cost  limit  targets — $5  billion,  $7  biUion,  and  $9  billion  from  FY94 
through  FY98.  The  Vest  Committee  determined  that  none  of  the  options  looked  at 
could  DC  developed  within  those  cost  targets.  Why  is  it  that  the  cost  limits  could 
not  be  satisfied  and  how  much  could  have  oeen  done  within  those  cost  limits? 

Question  7.  Option  C,  the  so-called  man-in-the-can,  was  the  cheapest  of  the  three 
options.  (It  cost  $11.9  billion  from  FY94  through  FY98).  Why  did  the  President  re- 
ject Option  C? 

Question  8.  For  the  period  from  FY94  through  FY98,  Option  A  cost  $12.8  billion 
and  Option  B  cost  $13.3  billion.  However,  the  (Jlinton  redesign,  which  combines  Op- 
tions A  and  B,  is  estimated  by  the  White  House  to  cost  only  $10.5  billion  during 
that  same  period.  How  was  the  White  House  able  to  come  up  with  several  addition^ 
billions  or  dollars  in  cost  savings  when  NASA  and  the  Vest  Committee  could  not? 

Question  9.  Since  1984,  the  estimated  cost  of  Space  Station  "Freedom"  has  sky- 
rocketed from  $8  billion  to  more  than  $30  billion.  What  is  the  cost  of  the  Clinton 
redesign  through  the  "assembly  complete"  stage  and  how  reliable  is  the  cost  esti- 
mate? What  are  the  most  variable  elements  of  the  cost  figures? 

Question  10.  Some  reports  have  indicated  that  the  bulk  of  expected  savings  will 
come  from  management  streamlining  and  reductions  in  NASA  and  contractor  em- 
ployees. How  does  NASA  plan  to  accomplish  this  downsizing? 

Answer  5-10.  These  are  cruestions  better  asked  of  NASA  and  the  White  House. 
I  have  no  particular  detailed  familiarity  with  the  engineering  details  asked  about. 

INTERNATIONAL  PARTNERS 

Question  11.  Japan,  Western  Europe,  Canada  have  already  spent  $2.5  biUion  on 
Space  Station-related  activities.  What  is  their  view  of  the  Clinton  redesign?  Do  you 
feel  it  is  important  to  accommodate  the  international  partners  in  order  to  secure 
their  commitment  to  future  "big  science"  efforts? 

Answer.  I  think  it  is  important  for  the  space  station  to  be  an  international  enter- 
prise. As  with  the  U.S.,  the  issue  for  Europe,  Canada  and  Japan  ought  not  be  how 
much  has  been  spent,  but  how  much  will  have  to  be  sp)ent.  Tne  space  station  rede- 
sign should  include  the  Russians  and  then  the  international  partners  role  can  be 
redefined  in  the  context  of  a  truly  international  space  station. 

Question  12.  The  Vest  Committee  recommended  greater  cooperation  with  the 
Russians  in  the  Space  Station  program  as  a  way  of  decreasing  costs  and  increase 
capabilities.  I  know  that  NASA  is  looking  at  the  Russian  "Soyuz"  as  an  escape  vehi- 
cle for  Space  Station.  What  are  some  other  ways  in  which  the  Russians  can  become 
more  of  a  partner  in  the  Space  Station  effort? 

Answer.  As  noted  in  testimony,  the  most  important  decision  that  cam  be  made  is 
to  put  the  station  in  a  51.6  degree  orbit  (as  the  Vest  Committee  recommended)  for 
rebability  and  safety  reasons  and  for  orbital  operation  compatibility.  The  Russians 
should  also  be  given  some  of  the  tough  heavy  weight  and  long-life  requirements  to 
fulfill  in  their  Mir  program. 

SHUTTLE  USAGE 

Question  13.  The  Vest  Committee  found  there  was  an  overreliance  on  the  Shuttle 
in  all  of  the  options  and  recommended  use  of  U.S.,  Soviet,  or  European  unmanned 
rockets  for  any  heavy-lifl  requirements.  What  would  be  the  cost  impact  if  this  rec- 
ommendation were  implemented  and  could  it  sf>eed  up  the  assembly  schedule  (since 
unmanned  rockets  can  be  readied  more  quickly  than  the  manned  Shuttle  orbiters)? 

Answer.  Use  of  unmanned  rockets  and  especially  the  Russian  Proton  (and  per- 
haps the  Eneiyia  or  a  derivative)  would  lower  costs  to  the  U.S.,  increase  safety, 
make  the  schedule  more  reliable  and  provide  needed  resiliency. 

CONTRACTOR  REALIGNMENT/MANAGEMENT 

Question  14.  The  Vest  Committee  recommended  that  the  Space  Station  program 
be  overseen  by  one  of  the  three  current  prime  contractors — Boeing,  McDonnell 
Douglas,  and  Rockwell.  The  other  two  primes  (and  other  subcontractors)  would  then 
function  as  subcontractors  to  the  one  prime  contractor.  To  what  extent,  does  the 
White  House  intend  to  accept  this  recommendation  and  how  will  NASA  implement 
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it?  The  Vest  Committee  recommended  that  the  prime  be  picked  in  a  non -competitive 
process.  However,  any  time  you  make  a  choice,  some  element  of  competition  is  nec- 
essarily involved. 

a.  What  process  and  criteria  will  NASA  use  to  pick  a  prime  contractor? 

b.  Will  the  Clinton  redesign  call  for  any  significant  change  in  the  individual  re- 
sponsibilities of  the  primes?  ICurrent  duties:  McDonnell  Douglas  (the  truss),  Boeing 
(the  modules),  and  Rockwell  (the  power  system).] 

c.  Is  there  any  possibility  that  any  one  of  the  primes  could  be,  in  effect,  elimi- 
nated from  the  Space  Station  program  because  of  the  choice  of  a  particular  design? 
Wouldn't  be  unfair  to  the  contractor  and  its  employees  to  cut  them  out  of  the  pro- 
gram after  having  invested  nine  years  of  their  time  and  talent? 

Question  15.  Tne  Administration  has  indicated  it  wants  to  streamline  she  apace 
Station  management.  What  forms  will  that  streamlining  take  and  will  it  include 
eliminating  NASA's  Space  Station  office  in  Reston,  Virginia?  How  will  the  Adminis- 
tration implement  the  Vest  recommendation  to  reduce  the  contractor  and  civil  serv- 
ice workforce  by  30percent? 

Answer  14-15.  These  questions,  too,  should  be  directed  to  the  White  House  or 
NASA. 

SPACE  DEBRIS 

Question  16.  The  other  day,  the  Shuttle  "Endeavor"  had  to  make  a  special  maneu- 
ver to  avoid  space  debris  which  could  have  destroyed  the  spacecraft.  How  significant 
is  the  problem  of  space  debris  and  what  steps  are  the  space-faring  nations  taking 
to  address  it?  How  vulnerable  would  Space  Station  be  to  space  debris  risks? 

Answer.  Space  debris  is  a  serious  problem  and  needs  much  more  systematic, 
international  attention,  scientific  study  and  data  gathering. 


Questions  Asked  by  Senator  Burns  and  Answers  Thereto  by  Dr.  Park 

goals  and  priorities 

Question  1.  In  recent  years,  Space  Station  has  been  justified  on  the  basis  of  space 
exploration,  microgravity  and  life  sciences,  commercial  spinoffs  and  other  possible 
benefits.  Does  the  redesign  option  picked  by  President  Clinton  on  June  17  satisfy 
the  original  goals  and  objectives  of  the  program?  What  in  your  view  is  the  one  pre- 
dominant justification  for  Space  Station/ 

Answer.  It  is  the  position  of  the  American  Physical  Society  that  there  is  insuffi- 
cient scientific  justification  for  a  manned  space  station  in  Earth  orbit.  Societies  rep- 
resenting other  disciplines  agree  with  this  assessment  (see  attachment  1.)  Moreover, 
the  requirement  that  manned  space  missions  employ  proven  technology  limits  the 
prospects  for  "spin-offs."  A  space  station  might  have  some  value  in  developing  inter- 
national cooperation;  it  is,  therefore,  essential  that  the  orbit  be  chosen  to  accommo- 
date Russian  access  to  the  station. 

[Attachment  1  may  be  found  in  the  committee's  files.] 

Question  2.  Some  have  said  that  if  the  U.S.  is  serious  about  manned  exploration 
of  space,  then  constructing  a  Space  Station  is  the  next  logical  step.  We  have  much 
more  to  learn  about  humans'  ability  to  construct  complex  structures  in  space  and 
live  in  them  for  extended  periods.  Do  you  share  this  view? 

Answer.  It  is  time  to  reexamine  the  justification  for  human  exploration  of  the 
solar  system.  If  robotic  exploration  reveals  opportunities  that  require  human  pres- 
ence, we  should  then  begin  planning  such  missions.  The  deleterious  effects  of 
wei^tlessness  on  the  human  body  are  by  now  well  known;  if  human  space  travel 
is  required,  we  should  be  developing  artificial  gravity  platforms.  After  a  nine-month 
weightless  journey  to  Mars,  astronauts  would  be  in  no  shape  to  go  exploring. 

Question  3.  Little  attention  has  been  paid  to  the  engineering  advances  that  Space 
Station  may  generate.  Space  Station  challenges  NASA  to  construct  an  extremely 
complex  structure  that  must  fiinction  almost  flawlessly  in  space  for  30  years.  Would 
you  shed  some  light  on  the  engineering  benefits  that  may  come  from  the  Space  Sta- 
tion? 

Answer.  It  seems  doubtfiil  that  engineering  advances  generated  by  a  space  sta- 
tion would  justify  the  cost.  Past  experiments,  including  the  recapture  of  an  errant 
communications  satellite,  have  demonstrated  the  extreme  limitations  of  astronauts 
to  perform  the  sort  of  tasks  reauired  for  assembly.  For  reasons  that  are  not  clear, 
NASA  continues  to  train  for  such  missions  in  zero-Duoyancy  tanks.  It  simulates  the 
zero  gravity  of  space-but  not  the  zero  viscosity. 

Question  4.  Tne  Report  of  the  Advisory  Committee  on  the  Redesign  of  the  Space 
Station  (the  *^est  Report")  suggested  that  the  Station  was  only  worthwhile  it  its 
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of  the  Space  Shuttle).  What  was  the  basis  for  that  finding?  What  is  your  assessment 
of  a  Station  that  does  not  go  beyond  the  Shuttle-tended  phase  (so  that  it  can  only 
be  used  when  the  Shuttle  is  docked)? 

Answer.  A  man-tended  station  would  not  contribute  to  the  study  of  the  con- 
sequences of  extended  weightlessness  on  human  beings.  On  the  other  hand,  of 
course,  we  already  know  a  great  deal  about  the  deleterious  consequences  of 
weirfitlessness.  Taking  urine  samples  for  another  10  to  20  years  is  not  likely  to  help 
much. 

THE  CLINTON  REDESIGN  SELECTION 

Question  5.  The  Vest  Report  in  efiect  recommended  Options  A  and  C,the  two  of 
three  options  that  least  resembled  the  current  "Freedom  design.  The  President  se- 
lected a  combination  of  Option  A  and  Option  B  (the  Freedom-derived  option). 

a.  Why  did  the  President  depart  from  the  Vest  recommendation  and  what  were 
the  reasons  for  his  selection? 

b.  How  does  the  Clinton  plan  differ  from  the  "Freedom"  design? 

c.  To  the  extent  that  the  Clinton  redesign  is  basically  a  "sUmmed-down"  version 
of  "Freedom,"  whv  is  it  that  NASA  did  not  come  up  with  this  plan  on  its  own  (that 
is,  without  the  White  House  involvement)  earlier? 

d.  It  is  my  understanding  that  Option  Al  is  a  design  that  permits  far  less  future 
structural  growth  than  other  approaches  and  does  not  accommodate  the  inter- 
national partners  as  well.  Is  this  basically  true?  To  what  extent  will  the  final  Clin- 
ton plan  be  based  on  the  Al  model? 

Answer  5.  I  have  no  way  of  knowing  what  the  President  was  thinking,  but  it 
seems  clear  that  option  C  would  have  had  less  political  support. 

a.  The  Clinton  station  will  have  less  power  to  run  experiments  than  Freedom. 
But  on  the  other  hand,  the  experiments  don't  amount  to  much  anyway. 

6.  NASA  has  suffered  for  years  from  an  advanced  case  of  "gigantism."  NASA  de- 
signs have  always  tended  to  expand  rather  than  contract.  Mr.  Goldin  seems  deter- 
mined to  change  that  culture. 

c.  It  is  still  not  clear  what  the  details  of  the  final  Clinton  plan  wiU  be. 

Question  6.  At  the  outset  of  this  redesign  exercise,  the  White  House  asked  for  op- 
tions within  three  cost  limit  targets — $5  billion,  $7  billion,  and  $9  billion  from  FY94 
through  FY98.  The  Vest  Committee  determined  that  none  of  the  options  looked  at 
could  be  developed  within  those  cost  targets.  Why  is  it  that  the  cost  limits  could 
not  be  satisfied  and  how  much  could  have  oeen  done  within  those  cost  limits? 

Answer.  It  is  my  understanding  that  a  principal  reason  why  the  original  cost  lim- 
its could  not  be  satisfied  is  that  Mr.  (Joldin  began  reauiring  NASA  to  use  more  real- 
istic figures  for  such  things  as  the  cost  of  shuttle  flights.  No  one  ever  expected  hon- 
est numbers. 

Question  7.  Option  C,  the  so-called  man-in-the-can,  was  the  cheapest  of  the  three 
options.  (It  cost  $11.9  billion  from  FY94  through  FY98).  Why  did  the  President  re- 
ject Option  C? 

Answer.  See  the  answer  to  5.  Members  of  Congress  with  a  long  record  of  support- 
ing Reagan's  Space  Station  Freedom  would  have  no  hesitation  in  voting  against 
Clinton's  Space  Can. 

Question  8.  For  the  period  from  FY94  through  FY98,  Option  A  cost  $12.8  billion 
and  Option  B  cost  $13.3  billion.  However,  the  Clinton  redesign,  which  combines  Op- 
tions A  and  B,  is  estimated  by  the  White  House  to  cost  only  $10.5  billion  during 
that  same  period.  How  was  the  White  House  able  to  come  up  with  several  additionau 
billions  or  dollars  in  cost  savings  when  NASA  and  the  Vest  Committee  could  not? 

Answer.  Sharper  pencils. 

Question  9.  Since  1984,  the  estimated  cost  of  Space  Station  "Freedom"  has  sky- 
rocketed from  $8  billion  to  more  than  $30  billion.  What  is  the  cost  of  the  Clinton 
redesign  through  the  "assembly  complete"  stage  and  how  reliable  is  the  cost  esti- 
mate? What  are  the  most  variable  elements  of  the  cost  figures? 

Answer.  There  is  very  little  downside  to  underestimating  the  cost  of  a  project  for 
which  you  are  seeking  congressional  approval. 

Question  10.  Some  reports  have  indicated  that  the  bulk  of  expected  savings  will 
come  from  management  streamlining  and  reductions  in  NASA  and  contractor  em- 
ployees. How  does  NASA  plan  to  accomplish  this  downsizing? 

Answer.  NASA  is  better  positioned  to  cut  management  than  most  agencies. 

INTERNATIONAL  PARTNERS 

Question  11.  Japan,  Western  Europe,  Canada  have  already  spent  $2.5  billion  on 
Space  Station-related  activities.  What  is  their  view  of  the  Clinton  redesign?  Do  you 
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feel  it  is  important  to  accommodate  the  international  partners  in  order  to  secure 
their  commitment  to  future  "big  science"  efTorts? 

Answer.  Scientists  in  our  partner  nations  are  as  unenthusiastic  about  the  space 
station  as  scientists  in  the  US  (see  attachment  2).  Japan  would  love  to  be  able  to 
use  the  cancellation  of  the  space  station  as  an  excuse  to  withhold  support  from  the 
Sup>ercollider — but  in  fact,  they  are  not  putting  money  into  the  SSC  anyway. 

[Attachment  2  may  be  found  in  the  committee's  files.] 

Question  12.  The  Vest  Committee  recommended  greater  cooperation  with  the 
Russians  in  the  Space  Station  program  as  a  way  of  decreasing  costs  and  increase 
capabilities.  I  know  that  NASA  is  looking  at  the  Russian  "Soyuz"  as  an  escape  vehi- 
cle for  Space  Station.  What  are  some  other  ways  in  which  the  Russians  can  become 
more  of  a  partner  in  the  Space  Station  effort? 

Answer.  I  fully  agree  with  the  Vest  Committee  on  this  point.  To  make  Russian 
participation  possible,  it  is  vital  that  the  space  station  be  launched  into  a  51.6  de- 
gree orbit — a  much  higher  angle  of  inclination  than  we  normally  use. 

SHUTTLE  USAGE 

Question  13.  The  Vest  Committee  found  there  wtis  an  overreliance  on  the  Shuttle 
in  all  of  the  options  and  recommended  use  of  U.S.,  Soviet,  or  European  unmanned 
rockets  for  any  heavy-lifl  requirements.  What  would  be  the  cost  impact  if  this  rec- 
ommendation were  implemented  and  could  it  speed  up  the  assembly  schedule  (since 
unmanned  rockets  can  be  readied  more  quickly  than  the  manned  Shuttle  orbiters)? 

Answer.  The  Vest  panel  is  right  on  target.  In  fact,  there  is  strong  opposition  to 
the  51.6  degree  orbit  from  the  Space-Shuttle  faction  in  NASA.  They  are  concerned 
that  if  Russia  can  launch  to  the  station,  there  will  be  little  reason  to  use  the  hid- 
eously expensive  shuttle.  One  of  the  worst  things  about  a  space  station  is  that  it 
will  be  used  to  perpetuate  the  shuttle,  one  of  the  greatest  tecnnological  blunders  of 
all  time. 

CONTRACTOR  realignment/management  " 

Question  14.  The  Vest  Committee  recommended  that  the  Space  Station  program 
be  overseen  by  one  of  the  three  current  prime  contractors — Boeing,  McDonnell 
Douglas,  and  Rockwell.  The  other  two  primes  (and  other  subcontractors)  would  then 
function  as  subcontractors  to  the  one  prime  contractor.  To  what  extent,  does  the 
White  House  intend  to  accept  this  recommendation  and  how  will  NASA  implement 
it?  The  Vest  Committee  recommended  that  the  prime  be  picked  in  a  non-competitive 
process.  However,  any  time  you  make  a  choice,  some  element  of  competition  is  nec- 
essarily involved. 

a.  What  process  and  criteria  will  NASA  use  to  pick  a  prime  contractor? 

b.  Will  the  Clinton  redesign  call  for  any  significant  change  in  the  individual  re- 
sponsibilities of  the  primes?  [Current  duties:  McDonnell  Douglas  (the  truss),  Boeing 
(the  modules),  and  Rockwell  (the  power  system).] 

c.  Is  there  any  possibility  that  any  one  of  the  primes  could  be,  in  effect,  elimi- 
nated from  the  Space  Station  program  because  of  the  choice  of  a  particular  design? 
Wouldn't  be  unfair  to  the  contractor  and  its  employees  to  cut  them  out  of  the  pro- 
gram after  having  invested  nine  years  of  their  time  and  talent? 

Answer.  I  have  no  opinion  on  the  contractors. 

Question  15.  The  Administration  has  indicated  it  wants  to  streamline  she  apace 
Station  management.  What  forms  will  that  streamlining  take  and  wUl  it  include 
eliminating  NASA's  Space  Station  office  in  Reston,  Virginia?  How  will  the  Adminis- 
tration implement  the  Vest  recommendation  to  reduce  the  contractor  and  civil  serv- 
ice workforce  by  30  percent? 

Answer.  Some  people  in  NASA  use  "streamlining"  as  a  euphemism  for  shifting 
control  to  Houston.  Unfortunately,  the  Houston  management  is  committed  to  the 
shuttle. 

SPACE  DEBRIS 

Question  16.  The  other  day,  the  Shuttle  "Endeavor"  had  to  make  a  special  maneu- 
ver to  avoid  space  debris  which  could  have  destroyed  the  spacecraft.  How  significant 
is  the  problem  of  space  debris  and  what  steps  are  the  space-faring  nations  taking 
to  address  it?  How  vulnerable  would  Space  Station  be  to  space  debris  risks? 

Answer.  This  is  a  major  concern.  It  is  a  conmientary  on  the  "exploration"  claims 
of  the  station  supporters  that  low-Earth  orbit  is  littered  with  the  garbage  of  hun- 
dreds of  previous  missions.  No  one  has  a  ^ood  plan  for  mitigation.  Space  walking 
astronauts  are  particularly  vulnerable,  which  is  one  reason  to  insist  on  a  design 
that  minimizes  space  walks  both  in  assembly  and  maintenance. 
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Question  17.  There  has  been  an  ongoing  debate  about  the  scientific  value  of  the 
Space  Station.  At  our  recent  science  policy  hearing,  Dr.  Frank  Press,  the  former 
head  of  the  National  Academy  of  Sciences  testified:  "The  primary  purpose  of  the 
space  station  is  human  survival  in  space  for  the  exploration  of  the  planets.  That  is, 
we  do  not  need  the  space  station  to  do  science.  Unmanned  spacecraft  can  do  science 
very  well." 

What  is  the  overall  scientific  value  of  the  Space  Station? 

What  are  the  scientific  benefits  of  the  Space  Station  in:  microgravity  and  mate- 
rials research;  life  sciences  (effects  of  spacefiight  on  humans);  engineering;  and 
space  exploration? 

I  am  particularly  interested  in  the  potential  biomedical  spinoffs  of  the  Space  Sta- 
tion. I  know  pacemakers,  artificial  hips,  and  other  medical  breakthroughs  were  indi- 
rect spinoffs  of  the  space  program.  What  are  some  of  the  potential  biomedical  ad- 
vances you  envision  coming  out  of  the  Space  Station  program? 

Answer.  For  the  physical  sciences  the  value  of  the  space  station  is  slight.  It  is 
too  unstable  to  use  as  an  observation  platform  for  astronomy  or  for  studying  Earth. 
The  only  unique  property  is  microgravity,  and  even  that  is  "noisy"  compared  to 
robotic  platforms.  In  spite  of  all  the  hype,  years  of  research  on  the  shuttle  and  on 
the  Russian  Mir  station,  have  not  demonstrated  any  advantage  for  materials  science 
or  processing.  Ten  years  of  efforts  to  grow  better  protein  crystals  in  space  have 
proved  fruitless  (attachment  3). 

[Attachment  3  may  be  found  in  the  committee's  files.] 

The  are  three  kinds  of  lies:  ordinary  lies,  damn  lies  and  spinoff  claims.  The  con- 
tributions of  the  space  program  to  pacemakers,  artificial  hips,  magnetic  resonance 
imaging  and  most  of  the  other  claims,  have  been  slight  or  non-existent.  All  of  these 
advances  would  exist  today  without  the  manned  space  program.  The  manned  space 
program  is  a  consumer  of  technologies,  not  a  producer.  The  only  unique  contribution 
is  space  suits,  but  there  is  not  much  of  a  market.  The  robot  market,  by  contrast, 
is  doing  well. 

I  cannot  speak  first  hand  to  the  life  science  claims  that  are  made,  but  from  my 
colleagues  in  the  Ufe  sciences,  I  gather  that  they  see  the  same  sort  of  exaggerations. 


O 


